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YIELD AND QUALITY OF GROUND
WATER FROM STRATIFIED-DRIFT

AQUIFERS, TAUNTON RIVER
BASIN, SOUTHEASTERN

MASSACHUSETTS

BY WAYNE W. LAPHAM

ABSTRACT

Glacial stratified-drift deposits composed pri 
marily of sand and gravel form the major aquifers in 
the Taunton River basin. In the northern half of the 
basin, the aquifers are long, narrow, and thin, and 
saturated thicknesses range from about 20 feet to 
slightly more than 100 feet. Aquifer widths range 
from about 0.1 mile to 1.5 miles, and lengths range 
from about 1 mile to 5 miles.

Aquifer yield from storage, representative of 
short-term yield during severe drought conditions, 
were estimated for 26 selected aquifers in the basin. 
For a 30-day pumping period, 14 aquifers have 
yields less than 5 ft^/s (cubic feet per second), 7 have 
yields of from 5 to 10 ft3Is; and 5 have yields of 
from 10 to 15 fPls. Aquifer yields under normal 
climatic conditions were estimated for the 26 aquifers 
by considering the cumulative yield from intercepted 
ground-water discharge, induced infiltration, and 
storage. These yield estimates are related to the es 
timated duration of flow of the stream that drains 
the aquifer. The two highest aquifer yields equal or 
exceed 11.9 and 11.3 ft3ls 90 percent of the time, 
respectively, if minimum stream discharge is 
maintained at 99.5 percent flow duration. Water for 
public supply was pumped in 18 of the 26 aquifers 
during 1983, and all the developed aquifers were 
pumped at a rate either equal to or greater than 70 
percent of the estimated rate of aquifer yield deter 
mined in this study.

The pH of the ground water ranges from 5.4 to 
7.0, which categorizes the water as mildly corrosive. 
Hardness of the ground water ranges from 9 to 112 
mgIL (milligrams per liter). No concentrations of 
sulfate or chloride exceeded EPA recommended lim 
its for drinking water. However, concentrations of 
sodium exceeded the Massachusetts recommended 
limit for drinking water for those individuals on a 
sodium-restricted diet of 20 mg/L in 19 of the sam

ples. Natural concentrations of iron and manganese 
commonly exceed the limits of 0.3 mg/L and 0.05 
mg/L recommended for drinking water.

Of 51 analyses for trace metals, including ar 
senic, barium, cadmium, chromium, copper, cya 
nide, lead, mercury, selenium, silver, zinc, and 
nickel, only lead, with a concentration of 60 \iglL 
(micrograms per liter) exceeded the recommended 
limit of 50 \iglL at one site. In 13 of 74 analyses for 
selected organic compounds, one or more of the fol 
lowing compounds were detected: Chloroform; car 
bon tetrachloride; 1,1 dichloroethane; 1,2 trans- 
dichloroethylene; tetrachloroethylene; toluene; 1,1,1 
trichloroethane; and trichloroethylene. The U.S. 
Environmental Protection Agency has set Maximum 
Contaminant Levels (MCLs) for three of these com 
pounds. These three compounds and their MCLs 
are: Trichloroethylene, 5 [ig/L; carbon tetrachloride, 
5 \iglL; and 1,1,1-trichloroethane, 200 \\glL. Tri 
chloroethylene was detected in five samples. The 
concentration of trichloroethylene in one of these five 
samples exceeded the limit of 5 \iglL. A concen 
tration of carbon tetrachloride of 0.8 \iglL was de 
tected in one sample, which is below the limit of 
5 \iglL. Concentrations of 1,1,1 trichloroethane were 
detected in ten samples, but none exceeded the limit 
for that compound.

INTRODUCTION

Background

Water shortages are a chronic problem in 
parts of the Taunton River basin and result from a 
combination of factors. One factor is that ground- 
water resources are limited in some parts of the 
basin because glacial stratified-drift aquifers, 
which are the only aquifers used for public water 
supply, are thin, narrow, and discontinuous. A 
second factor is drought, which causes water levels 
in aquifers to decline, resulting in mandatory re 
ductions in pumping rates. Water shortages were 
particularly severe during the drought of the 
mid-1960's and dry periods of the early 1980's. A 
third factor is that overall water use in the basin 
has increased during the past several decades. Fi 
nally, and perhaps the most important factor, is 
conjunctive water use in the basin. Many streams 
and ponds used for surface-water municipal supply 
are hydraulically connected to stratified-drift 
aquifers used for ground-water municipal supply.



Withdrawal of water from surface-water sources 
can affect the yield from ground-water sources, 
and vice versa. Regardless of the source, with 
drawals can affect yields elsewhere in the basin.

No decrease of water use in this part of the 
Boston metropolitan area is expected in the next 
decade, and water shortages are predicted to be 
come more widespread and occur more frequently. 
Information reported by the Massachusetts Water 
Resources Commission (1983) indicates that about 
50 percent of the cities and towns within and on 
the perimeter of the basin will have water-supply 
deficits by 1990 if water-management projects are 
not pursued during the 1980's.

Purpose and scope

This report presents the results of a study 
conducted between 1981 and 1984 to determine 
the yield and quality of ground water from strati- 
fied-drift aquifers in the Taunton River basin. The 
three objectives of the study were to (1) estimate 
yields of selected stratified-drift aquifers, (2) de 
termine the impact on streamflow and on the 
ground-water system of alternative aquifer devel 
opment plans, and (3) characterize the quality of 
ground water in the stratified-drift aquifers. The 
study was done cooperatively by the U.S. Geologi 
cal Survey and the Massachusetts Department of 
Environmental Management, Division of Water 
Resources, and is one of a number of studies under 
Chapter 800 Massachusetts legislation which en 
ables quantitative assessments of regional ground- 
water resources in the State by the Survey.

Twenty-six stratified-drift aquifers in the 
northern half of the basin were studied in detail. 
These aquifers were selected because current and 
projected 1990 water-supply deficits are greatest 
in the northern half of the basin, affecting 14 of 19 
municipalities, in contrast to predicted deficiencies 
in only one of nine municipalities in the southern 
half of the basin (Massachusetts Water Resources 
Commission, 1983), and use of ground water as 
the sole source of supply is greatest in the north 
ern half of the basin. Ground water is the sole 
source of supply in 15 of 19 municipalities. In con 
trast, only four of nine municipalities in the south 
ern half of the basin use ground water as their sole 
supply (Massachusetts Water Resources Commis 
sion, 1983).

A transmissivity map was used to delineate 
the stratified-drift aquifers in the basin. The map 
was drawn by revising the transmissivity map

published by Williams and others (1973) using 
about 500 logs of test borings completed by mu 
nicipalities from 1968 through 1982. Yields of the 
26 stratified-drift aquifers, both during severe 
drought and during normal climatic conditions, 
were determined. Yields were determined by es 
timating the rates of water available to each 
aquifer from three sources: Aquifer storage, inter 
cepted ground-water discharge, and induced infil 
tration.

Quality of ground water in the stratified-drift 
aquifers was characterized using 80 analyses of 
inorganic chemical constituents, pH, alkalinity, 
hardness, and specific conductance, 51 analyses of 
trace metals, and 74 analyses of organic com 
pounds. The inorganic constituents were calcium, 
magnesium, sodium, potassium, iron, manganese, 
sulfate, chloride, and nitrate. The trace metals 
were arsenic, barium, cadmium, chromium, cop 
per, cyanide, lead, mercury, selenium, silver, zinc, 
and nickel. The organic compounds included chlo 
roform, carbon tetrachloride, 1,1 dichloroethane; 
1,2 trans-dichloroethylene; tetrachloroethylene; tol 
uene; 1,1,1 trichloroethane; and trichloroethylene.

Previous Investigations

About 50 reports describing ground-water 
conditions in municipalities in the basin have been 
prepared by private consulting firms. Several re 
gional assessments of the water resources of all or 
parts of the basin have been published (Camp, 
Dresser, and McKee, 1965; New England River 
Basins Commission, 1975; Old Colony Planning 
Council, 1977; Williams, 1968; and Williams and 
others, 1973). Geohydrologic data in these reports 
were used in this study. Williams and others 
(1973) described surface- and ground-water re 
sources and water quality in the basin but did not 
determine yields or describe in detail the quality of 
ground water in the stratified-drift aquifers.

Geographic setting

The Taunton River basin covers 530 mi2 of 
Bristol, Norfolk, and Plymouth Counties in south 
eastern Massachusetts (fig. 1). All or parts of the 
cities of Attleboro, Brockton, Fall River, New Bed 
ford, Taunton, and 36 towns are located in the 
basin (fig. 2). The basin, which is part of the 
Seaboard Lowland region of the New England 
Province (Fenneman, 1938), is drained by the
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Figure 1. Location of the Taunton River basin.

Matfield, Town, and Taunton Rivers. Major tribu 
taries of these rivers are the Canoe, Mill, Nemas- 
ket, Satucket, Segreganset, Wading, Threemile, 
and Winnetuxet Rivers (plate 1). Surface-water 
drainage is generally southward toward Mount 
Hope Bay, a part of Narragansett Bay at Fall 
River. Mean annual discharge of the Taunton 
River at State Farm near Bridgewater is 480 ft3/s, 
the discharge equaled or exceeded 90 percent of 
the time is 66.6 ft3/s, and the annual minimum 7- 
day mean discharge for a 10-year recurrence in 
terval is 24.6 ft3/s (Wandle and Keezer, 1984). 
Mean annual discharge of the Wading River near 
Norton is 75.0 fit3/s, the discharge equaled or ex 
ceeded 90 percent of the time is 6.2 ft3/s, and the 
annual minimum 7-day mean discharge for a 10- 
year recurrence interval is 2.2 ftVs (Wandle and 
Keezer, 1984).

Land surface is flat or gently rolling. Land- 
surface elevations range from sea level to about 
450 feet above sea level. The basin contains more 
than 94 mi2 of wetlands, including the 11.7 mi2

Hockomock Swamp, which is the largest wetland 
in Massachusetts (New England River Basins 
Commission, 1975). Lakes and ponds occupy 
about 23 mi2 of the basin (Williams and others, 
1973). Average annual precipitation is approxi 
mately 43.5 inches and is distributed fairly evenly 
over the year (Williams and others, 1973). Land 
use in the basin consists mostly of cranberry bogs 
and small farms (New England River Basins 
Commission, 1975).

Generalized Hydrogeologic Setting

Volcanic and granitic rocks of pre-Carbonifer- 
ous age underlie both the northern and southern 
margins of the basin (Williams and Willey, 1973). 
Sedimentary rocks of Carboniferous age, consisting 
of sandstone, shale, siltstone, conglomerate, and 
coal beds, underlie the interior of the basin 
(Williams and Willey, 1973). The approximate al 
titude of the bedrock surfaces ranges from about
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150 feet below sea level in the southwestern part 
of the basin to about 375 feet above sea level in 
the northwestern part of the basin (Williams and 
Willey, 1973). Topographic relief of the bedrock 
surface is attributable to both preglacial erosion of 
the bedrock surface by streams and the widening 
and deepening of these valleys by glacial scour 
(Frimpter, 1973a; 1973b). The thickness of un- 
consolidated glacial deposits overlying bedrock 
ranges from zero to more than 216 feet (Williams 
and others, 1973).

Bedrock wells generally yield water only at 
rates sufficient for domestic needs. Although 
yields of bedrock wells range from about 0.5 to 
250 gal/min (gallons per minute), most bedrock 
wells yield less than 10 gal/min (Williams and 
others, 1973).

Till of Pleistocene age overlies nearly all the 
bedrock and is exposed at land surface over about 
38 percent of the basin (Williams and others, 
1973). The till ranges in thickness from 0 to about 
20 feet (Williams and Willey, 1973; Old Colony 
Planning Council, 1977) and is a poorly sorted 
mixture of clay, silt, sand, gravel, cobbles, and 
boulders. Because till is poorly sorted and contains 
a relatively large fraction of silt and clay, the 
hydraulic conductivity of till is low. Williams and 
others (1973) and Old Colony Planning Council 
(1977) report that wells constructed in till gener 
ally yield only a few gallons per minute.

Stratified-drift deposits composed of sand, 
gravel, cobbles, silt, and clay of Pleistocene and 
Holocene ages form the only aquifers capable of 
sustaining public water supplies in the basin. 
These deposits are exposed at land surface over 
about 62 percent of the basin (Williams and others, 
1973). Stratified-drift deposits are more abundant 
in the central and southern parts of the basin than 
in the northern part of the basin. In the northern 
one-third of the basin, stratified drift fills narrow, 
north-south trending valleys, which are bounded 
by till-bedrock uplands.

The stratified-drift deposits are primarily ice 
contact (kame), outwash, and lake bottom 
(lacustrine) sediments, which were deposited in 
preglacial bedrock valleys and in water-filled de 
pressions in the till surface during retreat of the 
last glacier. Stratified drift ranges in thickness 
from 0 to about 200 feet in some of the deep 
preglacial bedrock valleys. The thickest stratified 
drift are lacustrine deposits composed of fine sand 
interbedded with silt and clay. Hydraulic conduc 
tivities of stratified drift range from near 0 for the 
fine-grained silts and clays to greater than 300 ft/d

(feet per day) for coarse-grained sands and 
gravels. Yields of wells in the fine-grained strati 
fied drift are usually no more than a few gallons 
per minute, whereas yields of wells in the coarse 
grained stratified drift usually equal or exceed 
300 gal/min (Williams and others, 1973).

Plate 1 is a revised transmissivity map of the 
unconsolidated sand and gravel deposits based on 
the maps prepared by Williams and others (1973, 
sheet 2), Williams and Tasker (1974, sheet 2) and 
Willey and others (1978, sheet 1). Plate 1 was 
prepared from the original maps by adding data 
from approximately 500 additional test borings. 
These borings were completed by municipalities in 
the basin from 1968 through 1982. Transmissiv 
ity at each new test-boring site was calculated us 
ing the values of saturated thickness and hydraulic 
conductivity of the unconsolidated material, ac 
cording to the method described by Williams and 
others (1973). Hydraulic-conductivity values for 
the unconsolidated material were assigned using 
the relationship between sediment grain size and 
hydraulic conductivity (J. R. Williams, U.S. Geo 
logical Survey, written commun., 1983). Only the 
locations of the new test-boring sites used to pre 
pare plate 1 are shown. The locations of all other 
test borings are shown on Williams and others 
(1973, sheet 2), Williams and Tasker (1974, sheet 
2) and Willey and others (1978, sheet 1).

Comparison of the transmissivity contours on 
sheet 2 of Williams and others, (1973) and plate 1 
of this report indicates that the new data do not 
significantly change the original interpretation of 
transmissivity. The new data indicate that the ar 
eas of stratified drift with transmissivity greater 
than 1,337 ft2/d along Hodges Brook near West 
Mansfield, Rumford River near Mansfield, and 
Mulberry Brook near the southwestern corner of 
Easton are somewhat larger than those mapped by 
Williams and others (1973). The areal extent of 
stratified drift with transmissivity greater than 
1,337 ft2/d along the Rumford River in Sharon is 
somewhat smaller than that mapped by Williams 
and others (1973). An area of stratified drift with 
transmissivity greater than 1,337 ft2/d underlying 
the northwestern edge of Lake Nippentucket in 
Bridgewater also was identified from the new data. 
All the test-boring data provide thorough basin- 
wide coverage for exploration of stratified-drift 
aquifers for municipal well sites, particularly in 
the northern half of the basin. Therefore, it is un 
likely that there are any large, undiscovered de 
posits of stratified drift in the basin.
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HYDROGEOLOGIC
CHARACTERISTICS OF THE

STRATIFIED-DRIFT AQUIFERS

Location, Areal Extent, and Hydraulic 
Properties

Twenty six stratified-drift aquifers in the 
northern half of the basin were selected for study 
(fig. 3; pi. 1). These aquifers were identified as 
areas of stratified drift with transmissivity equal 
to or greater than 1,337 ft2/d (10,000 gal/d/ft). 
The 26 aquifers underlie or are near major rivers 
or tributaries to major rivers. Most of the aquifers 
are thin, narrow, and long, and saturated thick 
nesses range from about 20 to slightly more than 
100 feet, although saturated thicknesses exceed 80 
feet in only a few locations. Widths range from 
about 0.1 to 1.5 miles and lengths range from 
about 1 to 5 miles.

The stratified-drift aquifers are composed of 
layers of sand and gravel with some interbedded 
layers of silt and clay. John R. Williams (U.S. Ge 
ological Survey, written commun., 1982) deter 
mined that hydraulic conductivity of fine to coarse 
gravel ranges from about 150 to 500 ft/d, mixed 
sand and gravel averages about 200 ft/d, and Fine 
to coarse sand ranges from about 25 to 150 ft/d. 
The transmissivity of the stratified drift is equal to 
the hydraulic conductivity of the drift times the 
saturated thickness of the drift. Therefore, equal 
transmissivities at different locations in an aquifer 
may be the result of thin deposits of high-conduc 
tivity drift or thick deposits of low-conductivity 
drift. Transmissivity exceeds 4,000 ft2/d in small 
areas in nearly all the 26 aquifers. In a few ar 
eas, where the stratified drift is thick or has a high

hydraulic conductivity, transmissivity exceeds 
10,000 ft2/d.

Water-level fluctuations

Water levels in U.S. Geological Survey obser 
vation wells in the basin (figs. 5-6) fluctuate annu 
ally from about 4 feet to more than 10 feet 
(Maevsky, 1976; Frimpter and Maevsky, 1979). 
Locations of these observation wells are shown in 
figure 4. According to long-term records, water 
levels in coarse-grained stratified drift (wells 
N4W 37, F3W 23, and TAW 337, fig. 5) fluctuate 
about 4 feet annually; whereas water levels in 
fine-grained stratified drift (well LKW 14, fig. 5) 
fluctuate as much as 10 feet annually. The magni 
tude of water-level fluctuation in the fine-grained 
stratified drift is similar to that observed in till 
(well EBW 30, fig. 6). The range of water-level 
fluctuations in sandstone bedrock is similar to that 
of fluctuations observed in till and stratified drift 
(wells HBW 97 and SPW 161, fig. 6). The magni 
tudes of water-level fluctuation in these two wells 
is partly attributable to the type of sediments 
overlying the bedrock. HBW 97 is overlain by 
stratified drift; whereas SPW 161 is overlain by 
till. Fluctuations in HBW 97 also are affected 
somewhat by nearby pumping of domestic wells 
(Frimpter and Maevsky, 1979).

Ground-Water Discharge

Ground water discharging from a sand and 
gravel aquifer originates as water directly re 
charging the aquifer from infiltration of precipi 
tation, water flowing into the aquifer from adjacent 
low-transmissivity stratified drift, till, bedrock, and 
from water infiltrating from losing streams. Un 
der natural conditions, this water discharges from 
aquifers to streams, ponds, lakes, and wetlands. 
During pumping, some of the ground water is in 
tercepted and withdrawn by wells.

Ground-water discharge was estimated using 
equations that relate baseflow (ground-water) dis 
charge to percentage of basin covered by stratified 
drift. Data necessary to adjust field measurements 
of ground-water discharge for the effect of regula 
tion and diversion of streamflow, and the percent 
age of pumping in a basin that is consumptive, 
were not readily available. Also, it was not possi 
ble to measure ground-water discharge for each of 
the 26 aquifers over a wide range of baseflow con-
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71°00'

I 

HOLBROOKC**\ WEYMOUTH

WRENTHA

42°00' - PLAINVILLE

NORTH 
ATTLEBOROUGH

 \\ABINGT 
>-   / V; ROCKLAND

TAUNTON AaU^T-dg) < MIDDLEBOROUGH 
/ J~^~~l I y\r^ ^. /

BOUNDARY OF THE 

TAUNTON RIVER BASIN

5 MILES

5 KILOMETERS

 41°45'

EXPLANATION

A9000 CONTINUOUS-RECORD 
GAGING STATION-- 
Number refers to last 4 
digits of station identifi 
cation number (see table )

A8240 LOW-FLOW PARTIAL- 

RECORD STATION-Number 
refers to last 4 digits of 
station identification number 
(see table )

OBSERVATION WELL AND 
LOCAL WELL NUMBER

Figure 4.-Locations of streamflow gaging stations, low-flow partial record stations, and 
observation wells.
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ditions. Therefore, a regional approach to de 
scribing ground-water discharge was followed by 
using baseflow-duration curves.

Figure 7 shows the strcamflow-duration curve 
for the Wading River at Norton, Massachusetts, 
for the 1955 through 1981 period of record. Dur 
ing this period, regulation and diversion of the 
Wading River have remained relatively constant 
(Wandle, S. W., Jr., U.S. Geological Survey, oral 
commun., 1983). The Wading River at Norton is 
considered reasonably representative of un 
regulated stream discharge in eastern Mas 
sachusetts (R. A. Gadoury, U.S. Geological Sur 
vey, oral commun., 1983). The streamflow-dura 
tion curve has been separated on figure 7 into the 
overland runoff and baseflow components of 
streamflow using the technique described by 
LaSala (1968).

The streamflow duration curve in figure 7 was 
separated into overload runoff and baseflow by: 
(1) Determining the estimated maximum rate of 
baseflow discharge that has occurred from 1955 to 
1981 using hydrograph separation, and assuming 
this maximum rate is equaled or exceeded 0.01 
percent of the time. This rate was estimated to 
equal 120 ft3/s; (2) assuming all streamflow is 
baseflow discharge at percent exceedances greater 
than 90 percent; and (3) drawing smooth curves of 
overland runoff and baseflow between 0.01 and 90 
percent exceedances such that the sum of the rates 
of baseflow and overland runoff equals the rate of 
streamflow at each percent duration.

Thirteen stations (fig. 4, table 1) in the basin 
were selected to develop the relation between 
ground-water discharge and percentage of strati 
fied drift covering a basin. These 13 stations were 
selected because there is little regulation or diver 
sion of streamflow and there is no pumping up 
stream of these stations. Measurements of base- 
flow discharge at each of the 13 stations and the 
concurrent baseflow discharge at an index station 
(the Wading River at Norton-01109000) were 
used to draw the baseflow-duration curves at each 
of the 13 stations. This technique is described by 
Searcy (1959).

After the baseflow-duration curve was drawn 
for each of the 13 stations, varying percentages of 
time that the rate of baseflow is equaled or ex 
ceeded were determined from each curve for each 
station. Each of 20 selected discharge rates for 
each station was then divided by the basin 
drainage area upstream of the station. The re 
sulting values are the rates of ground-water dis 
charge per square mile that are equaled or exceed-

PERCENTAGE OF TIME DISCHARGE IS EQUALED OR EXCEEDED

Figure 7.--Streamflow-, overland runoff-, and 
baseflow-duration curves for the Wading River 
at Norton, Massachusetts: Station 01109000, 
1955-81.

ed a specified percentage of the time at the station 
(table 1). The 13 rates of ground-water discharge 
per square mile, at each percent exceedance, were 
then plotted against their corresponding percentage 
of stratified drift. Ground-water discharge per 
square mile was then regressed against percentage 
of stratified drift. Graphs of the relations between 
ground-water discharge per square mile that is 
equaled or exceeded 0.01, 50, 90, and 99.9 percent 
of the time and percentage of stratified drift, the 
linear-regression lines, regression equations, and 
r2 (coefficient of determination) values are shown 
in figures 8a-d, respectively.

Minimum and maximum r2 values for the re 
gression equations are 0.28 for 99.9-percent base- 
flow duration and 0.71 for 50-percent baseflow du 
ration, respectively (fig. 8b and d). The r2 values 
indicate that variation in the rate of ground-water 
discharge cannot be attributed only to variation in 
percentage of stratified drift. At baseflow dura 
tions greater than about 99.5 percent, variables 
other than percentage of stratified drift become 
particularly significant in determining rates of

11



Table I. Ground-water discharge to streams from 13 basins

Drainage 
Drainage basin and area, in

station number 1 square 
miles 

covering 
basin

Assonet River upstream of 01 109080
Beaver Brook upstream of 01106455
Beaver Brook upstream of 01106460
Beaver Brook between 01106455

and 01106460
Canoe River upstream of 01108300
Chartley Brook upstream of 01108790
Dam Lot Brook upstream of 01 108240
Dorchester Brook upstream of 01107000
Meadow Brook upstream of 01106483
Poquanticut Brook upstream of 01108340
Snows Brook upstream of 01 108110
Wading River between 01108590

and 01109000
West Meadow Brook upstream of 01 107070

16.2
5.56
8.90

3.34
1.61
1.40
2.97
4.67
1.50
4.48
2.64

22.0
1.99

Ground-water discharge that is equaled or 
exceeded at the indicated percentage 

of time in cubic feet per second 
Percentage per square mile 

of
stratified 

drift2

39.0
5.3

20.7

46.3
44.0
84.0
49.0
19.0

.8
42.0
85.0

59.0
31.8

Percentage of time

0.01

1.6
.13
.60

1.4
1.6
2.3
1.6
1.8
.19

2.2
2.0

2.6
1.4

0.05

1.6
.12
.57

1.3
1.5
2.2
1.5
1.7
.18

2.0
1.9

2.4
1.3

0.1

1.5
.12
.56

1.3
1.4
2.1
1.4
1.6
.18

2.0
1.8

2.3
1.2

0.5

1.4
.12
.52

1.2
1.3
1.8
1.3
1.4
.17

1.7
1.6

2.1
1.1

1

1.3
.11
.48

1.1
1.2
1.7
1.2
1.3
.16

1.5
1.5

2.0
1.0

ground-water discharge. Other variables that 
might affect rates of discharge include the geohy- 
drologic characteristics of the stratified drift, till, 
and bedrock; depth to the water table; area of 
ponds and wetlands; rate and duration of evapo- 
transpiration; slope of land surface; vegetative 
type and extent of coverage; and climate. Consid 
eration of these variables in future studies might 
result in more accurate equations for predicting 
rates of ground-water discharge. Magnitudes of 
the rates of discharge per square mile at high 
basefiow durations are nearly the same regardless 
of the percentage of stratified drift (fig. 8), and 
these magnitudes are low when compared to rates 
at higher durations (fig. 9). Therefore, even 
though the r2 values are low, the regression equa 
tions probably result in reasonable estimates of 
ground-water discharge at various flow durations. 
Figure 9 shows the regression lines relating per 
centage of stratified drift and ground-water dis

charge equaled or exceeded 0.01 to 99.9 percent of 
the time.

The relation between ground-water discharge 
and percentage of stratified-drift covering was 
used to calculate ground-water discharge from 
each of the 26 aquifers in the basin. Estimated 
rates of ground-water discharge equaled or ex 
ceeded 50 to 99.9 percent of the time from each of 
the aquifers were determined using the drainage 
area of the aquifer (for example, the drainage area 
between stations A and B in fig. 10), the percent 
age of stratified drift covering that drainage area, 
and the relation between the rate of ground-water 
discharge per square mile and percentage of strati 
fied drift (fig. 9). Ground-water discharge up 
stream of station B contributes to streamfiow en 
tering the upstream end of the aquifer. The 
transmissivity map of the aquifers (pi. 1) was used 
to determine the percentage of each basin covered 
by stratified drift. The rate of ground-water dis-

12



Table 1. (j round-water discharge to streams from 13 basins (continued)

Ground-water discharge that is equaled or exceeded at the indicated percentage of time 
in cubic feet per second per square mile (continued)

10 20 30 40

Percentage of time (continued) 

50 60 70 80 90 95 98 99.5 99.8 99.9

1.0
.10
.40

.91

.95
1.3
.94
.94
.14

1.1
1.2

1.5
.81

0.89
.09
.36

.80

.81
1.0
.80
.77
.12
.86

1.1

1.3
.70

0.75
.09
.31

.68

.67

.82

.66

.61

.11

.65

.91

1.1
.58

0.62
.08
.26

.56

.54

.63

.53

.46

.10

.48

.75

.85

.46

0.54
.07
.23

.50

.47

.53

.46

.38

.09

.39

.66

.74

.40

0.45
.07
.20

.42

.39

.42

.38

.30

.08

.29

.55

.60

.33

0.37
.06
.17

.35

.31

.32

.30

.23

.07
22

.46

.48

.27

0.31
.05
.15

29
.26
.26
.25
.18
.06
.16
.38

.39

.22

0.24
.05
.12

.23

.20

.18

.19

.12

.05

.11

.30

.29

.17

0.17
.04
.09

.16

.14

.12

.13

.08

.04

.06

.21

.19

.12

0.13
.04
.07

.12

.09

.08

.09

.05

.04

.04

.16

.13

.08

0.11
.03
.06

.10

.07

.06

.07

.04

.03

.03

.13

.10

.07

0.07
.03
.04

.06

.05

.04

.04

.02

.02

.02

.09

.06

.04

0 .06
.02
.04

.05

.04

.03

.03

.02

.02

.01

.08

.05

.04

0.05
.02
.03

.04

.03

.02

.03

.01

.02

.01

.07

.04

.03

1 See figure 4.
2 Determined using plate 1.

charge from each of the 26 aquifers is given in 
table 2.

Stream Discharge

Estimates of discharge of streams flowing 
over the sand and gravel aquifers were made using 
equations that relate stream discharge at a station 
to percentage of stratified drift covering the 
drainage basin above the station. The equations 
were developed using long-term flow-duration 
curves of six gaging stations in the basin (fig. 4) 
and one gaging station near the basin. A regional 
approach to determining stream discharge was 
used because it was not possible to make sufficient 
discharge measurements on every stream consid 
ered in this report to establish each stream's flow 
characteristics independently.

The flow-duration curves of the seven stations

are shown in figure 11. For each of the seven sta 
tions, the 20 rates of discharge corresponding to 
the indicated percent-exceedance values in table 3 
were divided by the drainage area upstream from 
that station. For example, for hypothetical station 
A in figure 10, the drainage area used would be 
the entire drainage area upstream from station A. 
The resulting values are the rates of stream dis 
charge per square mile that are equaled or ex 
ceeded a specified percentage of the time at each 
station. These rates for the seven stations are 
shown in table 3. All seven rates of stream dis 
charge per square mile were then plotted against 
their corresponding percentage of stratified drift 
(table 3) for each of the 20-percent exceedance 
values. The logarithm of stream discharge per 
square mile was then regressed against percentage 
of stratified-drift covering. Example plots of the 
log of stream discharge per square mile as a func 
tion of percentage of stratified drift for percent-ex-

13
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EXPLANATION

TILL

STRATIFIED DRIFT-Shows area 

with transmissivity equal to or 

less than 1337 feet squared 

per day

STRATIFIED-DRIFT AQUIFER -- 

Shows area with transmissivity 

greater than 1337 feet squared 

per day

 1337- LINE OF EQUAL TRANSMISSIVITY,
IN FEET SQUARED PER DAY

   O   LINE OF ZERO TRANSMISSIVITY

  "  DRAINAGE BASIN DIVIDE

       DRAINAGE SUBBASIN DIVIDE

A STREAMFLOW GAGING STATION

Figure 10.--Hypothetical basin showing drainage areas contributing to ground-water and 
surface-water discharge.

16



Table 2. Estimated rates of natural ground-water discharge to streams from the 26 stratified-drift aquifers

Approximate 
contributing 

Aquifer system and drainage 
aquifer name area, in 

square miles

Canoe River aquifer system

Upper Canoe River
Middle Canoe River
Mulberry Brook
Lower Canoe River

Hockomock River aquifer system

Upper Queset Brook
Lower Queset Brook
Upper Hockomock River

Rumford River aquifer system
Upper Rumford River
Middle Rumford River

Salisbury River aquifer system
Trout Brook

Salisbury Plain River

in Brockton
Salisbury Plain River

Satucket River aquifer system
Upper Shumatuscacant River
Lower Shumatuscacant River
Satucket River

Wading River aquifer system

Upper Wading River
Aquifer north of

Lake Mirimichi
Hawthorne Brook
Middle Wading River
Hodges Brook

Other aquifers

Carver Pond-South Brook

Little Cedar Swamp
Lower Matfield-Taunton River

Lower West Meadow Brook
Meadow Brook

Pine Swamp Brook

2.22
12.8
2.04

11.4

2.04
2.10
1.76

6.04
2.28

3.63

4.36
7.43

3.60
4.49
1.09

2.69

5.84

5.33
5.22
3.62

4.78

3.79
7.50
3.43

3.39
2.70

Approximate 
percentage 

of 
stratified

drift 
covering 

basin

36.5
68.0
60.0
82.9

35.0
47.7

75.0

58.4

73.7

34.1

54.1

69.0

30.8
26.5

92.0

37.2

58.9
44.8
71.0
52.8

79.1

70.3
77.5
58.6
71.1

99.9

50

0.7
6.0

.9
6.2

.6

.8

.9

2.6
1.1

1.1

1.8

3.5

1.0
1.2

.6

.8

2.5
1.9
2.5
1.4

2.5
1.8
3.9
1.4
1.6
1.7

Estimated ground-water discharge that is equaled or 
exceeded at indicated percentage of the time, 

in cubic feet per second

60

0.6
4.9

.7
5.0

.5

.6

.7

2.1

.9

.9

1.4

2.9

.8
1.0
.5

.7

2.0
1.5
2.1
1.2

2.0
1.5
3.2
1.2

1.3
1.4

70

0.5
4.1

.6
4.2

.4

.5

.6

1.7

.8

.8

1.2
2.4

.7

.8

.4

.6

1.7

1.3
1.7
1.0

1.7
1.2
2.6
1.0
1.1

1.2

80

0.4

3.0
.4

3.1

.3

.4

.4

1.3
.6

.6

.9
1.8

.5

.6

.3

.4

1.3
1.0
1.3

.7

1.3

.9
2.0

.7

.8

.9

Percentage of time 

90 95 98

0.3
2.1

.3
2.1

.2

.3

.3

.9

.4

.4

.6
1.2

.4

.4

.2

.3

.9

.7

.9

.5

.9

.6
1.3

.5

.6

.6

0.2
1.4

.2
1.4

.2

.2

.2

.6

.3

.3

.4

.8

.3

.3

.2

.2

.6

.5

.6

.3

.6

.4

.9

.4

.4

.4

0.1
1.2
.2

1.2

.1

.2

.2

.5

.2

.2

.3

.7

.2

.3

.1

.2

.5

.4

.5

.3

.5

.4

.7

.3

.3

.3

99.5

0.1
.8
.1

.8

.09

.1

.1

.3

.1

.2

.2

.5

.2

.2

.08

.1

.3

.3

.3

.2

.3

.2

.5

.2

.2

.2

99.8

0.08
.6
.09
.6

.07

.09

.09

.3

.1

.1

.2

.4

.1

.2

.06

.1

.3

.2

.3

.2

.3

.2

.4

.2

.2

.2

99.9

0.07

.5

.08

.5

.06

.07

.08

.2

.1

.1

.2

.3

.1

.1

.05

.08

.2

.2

.2

.1

.2

.2

.3

.1

.1

.1
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EXPLANATION

STATION NAME, NUMBER, AND PERIOD OF 
RECORD-QUERIED WHERE APPROXIMATE

Dorchester Brook near Brockton 

(01107000) (1964-74)

0.01 0.1 1.0 10.0 50.0 90.0 99.0 99.99

PERCENTAGE OF TIME DISCHARGE 

IS EQUALED OR EXCEEDED

Figure 11.--Flow-duration curves at seven gaging stations.

Fall Brook near Middleborough 

(01107400) (1931-65)

Jones River at Kingston 

(East of Taunton River Basin) 

(01105870) (1967-82)

Segreganset River near Dighton 

(01109070) (1967-81)

Three mile River at North Dighton 

(01109060) (1967-82)

Wading River near Norton 

(01109000) (1955-81)

Wading River at West Mansfield 

(01108500) (1954-81)
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Table 3. -Stream discharge at seuen gaging stations 

[A dash indicates not determined.]

Station number and name 
and duration of record

Drainage Percentage annual flow,
area, in of in cubic
square stratified feet per

Stream discharge that is equaled or
exceeded at indicated percentage 

Average of time, in cubic feet per second 
per square mile

01107000. Dorchester Brook
near Brockton (1964-74)

01107400. Fall Brook near
Middleborough (adjusted
to 1931-65)

01105870. Jones River at
Kingston (1967-82)

Oil 09070. Segregansett River
near Dighton (1967-81)

01109060. Threemile River
at North Dighton (1967-82)

01108500. Wading River at
Mansfield (1954-81)

01109000. Wading River at
Norton (1955-81)

miles

4.67

9.34

15.8

10.6

83.3

19.5

43.3

drift2

19.0

67.0

92.4

12.0

62.0

52.5

56.3

second per 
square mile Percentage of time

0.01 0.05 0.1 0.5

1.8 -- -- 22.5

-- 12.8

1.9 26.6 20.9 18.4

2.1 75.5 49.0 40.6

2.0 » 20.3 17.9

1.6 27.7 17.9 13.8

1.7 -- 19.9 16.2

13.3

9.4

10.4

22.6

12.0

9.1

10.4

1

10.5

7.9

8.2

16.0

10.1

7.7

8.8

cent of the time. If the basin above this site has a 
drainage area of 10 mi2 , then stream discharge at 
the site will equal or exceed 345 ft3/s for 0.1 per 
cent of the time; discharge will equal or exceed 
13.3 ft3/s for 50 percent of the time; discharge will 
equal or exceed 3.8 ft3/s 80 percent of the time; 
and discharge will equal or exceed 0.3 ft3/s 99.9 
percent of the time.

Estimated rates of stream discharge at the 
downstream end of each of the 26 aquifers were 
calculated using the relation between stream dis 
charge per square mile and percentage of stratified 
drift covering a basin (fig. 13). The transmissivity 
map (plate 1) was used to determine the percent 
age of each basin covered by stratified drift above 
the downstream end of each of the 26 aquifers. 
The calculated rates that are equaled or exceeded 
50 to 99.9 percent of the time are listed in table 4.

Stream discharge at the downstream end of 
an aquifer should equal or exceed the rate of

ground-water discharge from the aquifer to the 
stream at any specific flow duration. However, in 
several cases, the calculated stream discharge at 
the downstream end of an aquifer located in the 
headwaters of the basin using figure 13 was less 
than the calculated rate of ground-water discharge 
to the aquifer using figure 9. This inconsistency 
occurs because the relation between stream dis 
charge and percentage of stratified drift and 
ground-water discharge and percentage of strati 
fied drift were developed using limited data. This 
inconsistency occurred most frequently at high 
flow durations when virtually all the stream dis 
charge is baseflow. In these cases, stream dis 
charge was set equal to the rate of ground-water 
discharge calculated using figure 9.

Stream discharge available for infiltration at a 
given flow duration is not equal to the discharge 
given in table 4 because the value of stream dis 
charge given in the table includes ground-water
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Table 3. Stream discharge at seven gaging stations (continued)

Stream discharge that is equaled or exceeded at indicated percentage of the time, 
in cubic feet per second per square mile (continued)

Percentage of time (continued) 

5 10 20 30 40 50 60 70 80 90 95 98 99.5 99.8 99.9

5.8 4.1 2.7 2.0 1.6 1.2 0.77 0.36 0.17 0.04 0.02 0.10 0.008 0.002 0.001

4.8

5.0

6.9

6.0

5.0

5.5

3.7

3.8

4.8

4.5

4.0

4.2

2.8

2.7

3.1

3.1

2.9

2.8

2.2

2.2

2.3

2.3

2.3

2.1

1.8

1.8

1.6

1.8

1.7

1.6

1.5

1.4

1.2

1.4

1.1

1.2

1.2

1.3

.79

1.1

.69

.81

.86

1.0

.39

.72

.39

.51

.54

.76

.18

.46

.23

.28

.43

.54

.06

.30

.12

.14

.32

.48

.03

.22

.07

.10

.24

.34

.008

.16

.05

.07

.19

.25

--

.12

.02

.04

.18

.22

--

.11

.01

.04

.17

.15

--

.10

.008

.03

1 See figure 4.
2 Determined using plate 1.

discharge to each aquifer and discharge that must 
be maintained in the stream. Therefore, the rates 
in table 4 were adjusted to account for these rates. 
The first adjustment consisted of subtracting the 
rate of ground-water discharge from each aquifer 
(table 2).

The second adjustment was made by sub 
tracting the value of stream discharge at either 
99.5 or 95 percent exceedance from all rates of 
stream discharge given in table 4. The effect of 
this adjustment is to limit stream discharge avail 
able for infiltration to that discharge which is in 
excess of flow at either 99.5- or 95-percent ex 
ceedance. Summarizing the data, stream dis 
charge available for infiltration for each of the 26 
aquifers' areas, after adjustment for both the rates 
of ground-water discharge to streams and the 
minimum stream discharge that might be main 
tained in the stream, are given in tables 5 and 6.

YIELDS OF THE STRATIFIED-DRIFT 
AQUIFERS

Methods of Study

During severe drought, ground-water dis 
charge from aquifers is low, streamflow is at a 
minimum, and there is little surface water stored 
in wetlands. Consequently, water pumped from 
most aquifers in New England is derived largely 
from storage in the aquifers. During more normal 
climatic conditions, water pumped from an aquifer 
is derived from storage, intercepted ground-water 
discharge, and induced infiltration from streams. 
To account for both drought and normal conditions, 
two sets of yield estimates were made for each of 
the 26 stratified-drift aquifers. "Short-term"
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Figure 12.-Regressions of log of stream discharge 
to percentage of basin covered by stratified 
drift.

STREAM DISCHARGE EQUALED 
OR EXCEEDED 60 PERCENT 
DF THE TIME

0 20 40 60 BO 100
PERCENTAGE OF BASIN COVERED BY STRATIFIED DRIFT

Figure 13. Relation between stream discharge and 
percentage of the basin covered by stratified 
drift for various flow durations.

Percentage Of 
Basin Covered By 
Stratified Drift

PERCENTAGE OF TIME DISCHARGE IS EQUALED OR EXCEEDED

Figure 14. Relation between stream discharge and 
percentage of time discharge is equaled or 
exceeded for various percentages of basin 
covered by stratified drift. 
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Table 4.--Estimated stream discharge at downstream ends of the 26 aquifers

Approximate 

drainage area 

Aquifer system and upstream of 

aquifer name downstream

Canoe River aquifer system

Upper Canoe River

Middle Canoe River

Mulberry Brook

Lower Canoe River

Hockomock River aquifer system

Upper Queset Brook

Lower Queset Brook

Upper Hockomock River

Rumford River aquifer system

Upper Rumford River

Middle Rumford River-

Salisbury River aquifer system

Trout Brook

Salisbury Plain River

in Brockton

Salisbury Plain River

Satucket River aquifer system

Upper Shumatuscacant River

Lower Shumatuscacant River

Satucket River

Wading River aquifer system

Upper Wading River

Aquifer north of

Lake Mirimichi

Hawthorne Brook

Middle Wading River

Hodges Brook

Other aquifers

Carver Pond-South Brook

Little Cedar Swamp

Lower Matfield-

Taunton River

Lower West Meadow Brook

Meadow Brook

Pine Swamp Brook

end of 

aquifer, in

square miles

2.22

15.0

10.4

41.2

2.04

9.57

20.4

6.04

13.1

3.63

19.2

22.3

3.60

8.09

32.2

2.69

5.84

5.33

21.3

3.62

2.29

7.33

120

55.8

7.70

2.20

Approximate 

percentage 

of 

stratified

drift 

covering

drainage

area

36.5

63.3

44.6

64.0

35.0

32.1

36.0

58.4

58.0

34.1

30.9

39.1

30.8

28.4

64.0

37.2

58.9

44.8

53.5

52.8

90.0

44.6

47.0

49.0

36.8

99.9

Estimated stream discharge that is equaled or 

exceeded at indicated percentage of the time, 

in cubic feet per second

Percentage of time

50

2.8

20.1

13.3

55.2

2.5

11.8

25.5

8.0

17.3

4.5

23.7

28.0

4.4

9.9

43.2

3.4

7.7

6.8

27.8

4.7

3.3

9.4

154

72.0

9.6

3.2

60

1.9

14.9

9.2

41.2

1.7

7.8

17.0

5.8

12.6

2.9

15.4

18.9

3.0

6.4

39.2

2.2

5.6

4.7

19.9

3.4

2.7

6.4

107

50.5

6.4

2.8

70

1.0

9.8

5.3

27.2

.9

4.2

9.3

3.7

8.0

1.6

8.2

10.6

1.5

3.4

21.3

1.2

3.6

2.7

12.2

2.1

2.1

3.8

63.4

30.3

3.6

2.3

80

0.5

6.1

2.9

16.9

.5

2.1

4.9

2.2

4.8

.8

4.2

5.7

.8

1.7

13.2

.7

2.2

1.5

7.1

1.2

1.6

2.1

35.5

17.2

1.9

1.8

90

0.3

3.5

1.3

10.0

.2

.8

1.9

1.2

2.6

.4

1.5

2.4

.4

.6

7.8

.4

1.2

.7

3.6

.6

1.3

.9

16.4

8.2

.8

1.8

95

0.2

2.5

.8

7.1

.1

.4

1.1

.8

1.8

.2

.8

1.4

.2

.3

5.6

.2

.8

.4

2.4

.4

1.2

.6

10.2

5.2

.4

1.7

98

0.06

1.7

.4

4.8

.05

.2

.5

.5

1.1

.1

.4

.7

.07

.1

3.7

.08

.5

.2

1.4

.2

1.0

.3

5.6

2.9

.2

1.7

99.5

0.03

1.0

.2

2.9

.02

.08

.2

.3

.6

.04

.2

.3

.03

.06

2.3

.03

.3

.1

.8

.1

.9

.2

2.8

1.5

.1

1.7

99.8

0.02

.8

.2

2.4

.01

.06

.2

.2

.5

.03

.1

.2

.02

.04

1.9

.02

.2

.08

.6

.1

.8

.1

2.1

1.1

.07

1.6

99.9

0.01

.6

.1

1.9

.01

.04

.1

.1

.4

.02

.07

.1

.01

.02

1.5

.01

.2

.06

.4

.07

.8

.08

1.5

.8

.04

1.6
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Table 5. Stream discharge available for induced infiltration to the 26 aquifers assuming minimum streamflow maintained is the

discharge equaled or exceeded 99.5 percent of the time

Aquifer system and 

aquifer name

Available stream discharge that is equaled

or exceeded at indicated percentage of

the time, in cubic feet per second

Canoe River aquifer system

Upper Canoe River

Middle Canoe Rivet-

Mulberry Brook

Lower Canoe River

Hockomock River aquifer system

Upper Queset Brook

Lower Queset Brook

Upper Hockomock River

Rumford River aquifer system

Upper Rumford River

Middle Rumford River

Salisbury River aquifer system

Trout Brook

Salisbury Plain River

in Brockton

Salisbury Plain River

Satucket River aquifer system

Upper Shumatuscacant River

Lower Shumatuscacant River

Satucket River

Wading River aquifer system

Upper Wading River

Aquifer north of

Lake Mirimichi

Hawthorne Brook

Middle Wading River

Hodges Brook

Olher aquifers

Carver Pond-South Brook

Little Cedar Swamp

Lower Matfield-

Taunton River

Lower West Meadow Brook

Meadow Brook

Pine Swamp Brook

50

2.1

13.1

12.2

46.1

1.9

10.9

24.4

5.1

15.6

3.4

21.7

24.2

3.4

8.6

40.3

2.5

4.9

4.8

24.5

3.2

.0

7.4

147

69.1

7.9

.0

60

1.3

9.0

8.3

33.3

1.2

7.1

16.1

3.4

11.1

2.0

13.8

15.7

2.2

5.3

36.4

1.4

3.3

3.1

17.0

2.1

.0

4.7

101

47.8

5.0

.0

70

0.5

4.7

4.5

20.1

.5

3.6

8.5

1.7

6.6

.8

6.8

7.9

.8

2.5

18.6

.5

1.6

1.3

9.7

1.0

.0

2.4

58.0

27.8

2.4

.0

Percentage of time 

80 90

0.1

2.1

2.3

10.9

.2

1.6

4.3

.6

3.6

.2

3.1

3.6

.3

1.0

10.6

.2

.6

.4

5.0

.4

.0

1.0

30.7

15.0

1.0

.0

0.0

.4

.8

5.0

.0

.4

1.4

.0

1.6

.0

.7

.9

.0

.1

5.3

.0

.0

.0

1.9

.0

.0

.1

12.3

6.2

.1

.0

95

0.0

.1

.4

2.8

.0

.1

.7

.0

.9

.0

.2

.3

.0

.0

3.1

.0

.0

.0

1.0

.0

.0

.0

6.5

3.3

.0

.0

98

0.0

.0

.0

.7

.0

.0

.1

.0

.3

.0

.0

.0

.0

.0

1.3

.0

.0

.0

.1

.0

.0

.0

2.1

1.1

.0

.0

99.5

0.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0
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Table 6. Stream discharge available for induced infiltration to the 26 aquifers assuming minimum streamflow maintained is the

discharge equaled or exceeded 95 percent of the time

Aquifer system and 

aquifer name

Available stream discharge that is equaled

or exceeded at indicated percentage of

the time, in cubic feet per second

Canoe River aquifer system

Upper Canoe River

Middle Canoe River

Mulberry Brook

Lower Canoe River

Hockornock River aquifer system

Upper Queset Brook

Lower Queset Brook

Upper Hockomock River

Hum ford River aquifer system

Upper Rumford River

Middle Rumford River

Salisbury River aquifer system

Trout Brook

Salisbury Plain River

in Brockton

Salisbury Plain River

Satucket River aquifer system

Upper Shumatuscacant Rivet-

Lower Shurnatuscacant River

Satucket River

Wading River aquifer system

Upper Wading River

Aquifer north of

Lake Mirimichi

Hawthorne Brook

Middle Wading River

Hodges Brook

Other aquifers

Carver Pond-South Brook

Little Cedar Swamp

Lower Matfield-

Taunton River

Lower West Meadow Brook

Meadow Brook

Pine Swamp Brook

50

2.0

11.6

11.6

41.9

1.8

10.6

23.5

4.6

14.4

3.2

21.1

23.1

3.2

8.4

37.0

2.4

4.4

4.5

22.9

2.9

.0

7.0

140

65.4

7.6

.0

60

1.2

7.5

7.7

29.1

1.1

6.8

15.2

2.9

9.9

1.8

13.2

14.6

2.0

5.1

33.1

1.3

2.8

2.8

15.4

1.8

.0

4.3

93.6

44.1

4.7

.0

Percentage of time 

70 80

0.4

3.2

3.9

15.9

.4

3.3

7.6

1.2

5.4

.6

6.2

6.8

.6

2.2

15.3

.4

1.1

1.0

8.1

.7

.0

2.0

50.6

24.1

2.1

.0

0.0

.6

1.7

6.7

.1

1.3

3.4

.1

2.4

.0

2.5

2.5

.1

.8

7.3

.1

.1

.1

3.4

.1

.0

.6

23.3

11.3

.7

.0

90

0.0

.0

.2

.8

.0

.1

.6

.0

.4

.0

.1

.0

.0

.0

2.0

.0

.0

.0

.3

.0

.0

.0

4.9

2.5

.0

.0

95

0.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0
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aquifer yields during drought conditions were de 
termined by considering only water from storage. 
"Long-term" aquifer yields during normal climatic 
conditions were determined by considering water 
available from storage, intercepted ground-water 
discharge, and induced infiltration.

For the purposes of this study, aquifer yield 
from storage is defined as the average rate at 
which an aquifer will yield water from storage 
given a specified pumping period and a specified 
drawdown in the aquifer at the end of the pumping 
period. Aquifer yield from intercepted ground- 
water discharge, induced infiltration from streams, 
and storage is defined as the yield equaled or 
exceeded at a specified percentage of the time from 
these sources during a 180-day pumping period.

The short- and long-term yields of the aquifers 
were calculated using ground-water-flow models 
and the data on ground- and surface-water dis 
charge given in tables 2, 5, and 6. Short-term 
yields are expressed as single values for several 
selected pumping periods. The long-term yields 
are determined according to an approach which 
utilizes streamflow-duration data; aquifer yields 
are expressed in terms of percentage of time yield 
is equaled or exceeded under specified streamflow 
conditions.

The short- and long-term estimates of aquifer 
yield described in this section were made assuming 
that the aquifers were undeveloped. In a later sec 
tion of the report (Effect of alternative ground-wa 
ter development plans), the effects of present 
aquifer development and other alternatives for fu 
ture aquifer development are described.

Use of Ground-Water-Flow Models

In past ground-water availability studies in 
southeastern New England (Alien and others, 
1966; Rosenshein and others, 1968; Johnston and 
Dickerman, 1974; Gonthier and others, 1974), 
yields of aquifers were estimated using analytical 
(image well) models that were designed to deter 
mine rates of combined pumping from wells dis 
tributed throughout each aquifer for specified 
maximum drawdown in each well. In this study, a 
finite-difference model (McDonald and Harbaugh, 
1984) was used in place of an analytical model to 
aid the determination of aquifer yield, in order to 
simulate (1) areal variation in saturated thickness 
and hydraulic conductivity of each aquifer; (2) the 
actual locations of streams overlying each aquifer 
and quantify stream characteristics along reaches;

and (3) leakage from streams that do not fully 
penetrate the aquifers.

Figure 15 illustrates the typical hydrogeologic 
characteristics of a stratified-drift aquifer in the 
Taunton River basin and the conceptual model of 
the aquifer used in this study to construct ground- 
water-flow models. Under typical conditions, 
ground water flows horizontally and vertically in 
the aquifers, generally from adjacent uplands and 
the sides of the valley toward streams, ponds, 
lakes, and wetlands in the center of the valley. 
When pumping occurs (fig. 15a), some water that 
would normally discharge to these surface-water 
bodies is diverted to pumping wells, and some wa 
ter also may be induced from nearby surface-water 
bodies. The conceptual ground-water model was 
designed to simplify but represent the important 
hydrogeological characteristics of the ground-water 
flow in a stratified-drift aquifer (fig. 15b). The 
conceptual model is based on the following assump 
tions about the ground-water-now system:

1. The stratified-drift aquifers are homogeneous 
and isotropic.

2. Ground-water flow is horizontal.

3. There is no ground-water flow to or from the 
till and bedrock. No-flow boundaries form the 
perimeter of each model.

4. Each well field is simulated as a group of in 
terconnected, fully screened, small-diameter 
wells that are distributed over a large area. 
Simulated drawdown occurs equally over the 
entire area of the well field.

5. Areal recharge is not simulated in the models. 
The water table in each aquifer was simulated 
as flat prio,r to pumping.

6. Induced infiltration from streams occurs 
through a leaky streambed. Streambed thick 
ness is constant, but the vertical hydraulic 
conductivity of the streambed varies. Stream 
width also varies along the stream reach. 
Stage in the stream is set at a constant value 
throughout the entire stream reach in each 
model, and does not change with time.

7. Specific yield is constant throughout each 
aquifer.
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Figure 15.-Representative hydrogeologic section of a stratified-drift aquifer and conceptual 
model.
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Thus, by design, each of the two-dimensional 
models developed for each aquifer represents a tool 
used to estimate an aquifer yield with nearly as 
many limiting assumptions on its use as on an an 
alytical model, rather than a fully calibrated and 
verified, predictive numerical model. Additional in 
formation concerning model construction is avail 
able on file at the Survey Office in Boston, Mass.

Model Input

Hydrologic properties of each aquifer for input 
to the model were determined as follows: Aquifer 
saturated thickness and hydraulic conductivity 
were determined from the data used to prepare 
plate 1, logs of test drilling collected during the 
study, and data published in Williams and Willey 
(1967, 1970, and 1973), Williams (1968), Williams 
and others (1973), Old Colony Planning Council 
(1977), and consulting reports. Stream width and 
depth were determined from field investigation. 
Streambed hydraulic properties were determined 
from field investigations of streambed lithology and 
from available information on the relation between 
lithology and vertical hydraulic conductivity. 
Lithologic descriptions of streambed material were 
determined at 28 sites in the basin. At almost all 
these sites, streambed lithology suggests that the 
stream flows directly on aquifer material, which 
consists of sand and mixed sand and gravel. Con 
sequently, with few exceptions, vertical hydraulic 
conductivity of streambed material was assigned a 
value of 5 ft/d in the models. A vertical conduc 
tivity of 5 ft/d is a reasonable estimate of the con 
ductivity of streambed material composed of sand 
and mixed sand and gravel in New England 
(Rosenshein and others, 1968; Gonthier and oth 
ers, 1974; Haeni, 1978).

Specific yield of aquifer material was not 
measured in this study. Olimpio and de Lima 
(1984), in a model study of the Mattapoisett River 
Valley aquifer located between this study area and 
Buzzards Bay, found that a value of specific yield 
of 0.30 most closely represents the lithology of 
aquifer material where clean, medium grained 
sand occurs. However, they noted that the value 
of 0.30 is high for other areas which contain 
coarser and finer grained sediments. Johnson 
(1967) summarized results of specific yield deter 
minations of sediments from many studies. He 
found that the average specific yield of fine sand 
was 0.21, the average specific yield of coarse sand 
was 0.27, and the average specific yield of coarse

gravel was 0.22. In the models, specific yield of all 
aquifer material was set equal to 0.20.

Short-Term Yields from Storage

Yields of the 26 aquifers from storage were 
determined using the ground-water-flow models for 
pumping periods of 30, 60, 180, and 365 days. 
Well fields were located throughout areas of high 
est transmissivity, and simultaneous pumping of 
all the well fields was simulated. The rate of 
pumping from each well field was adjusted so that 
the aquifer beneath each well field was desatu- 
rated by 50 percent at the end of the specified 
pumping period. The specific yields of the aquifers 
were assigned a value of 0.20. The short-term 
yield from storage for each aquifer then was cal 
culated as the sum of the rates of pumping from 
all the well fields simulated in the aquifer.

Results of these simulations are shown in 
table 7. For a 30-day pumping period, yields 
range from 2.6 ft3/s (1 ft3/s = 0.646 Mgal/d) from 
the Lower West Meadow Brook aquifer to 15.0 
ft3/s from the Lower Canoe River aquifer. Four 
teen of the 26 aquifers have yields that are less 
than 5 ft3/s, seven have yields between five and 
10 ft3/s, and 5 have yields between 10 and 15 
ft3/s. For a 180-day pumping period, yields range 
from 1.6 ft3/s from the Upper Canoe and Upper 
Wading River aquifers to 10.5 ft3/s from the 
Lower Canoe River aquifer. Nineteen of the 26 
aquifers have yields that are less than 5 ft3/s, 6 
have yields between 5 and 10 ft3/s, and one has a 
yield of 10.5 ft3/s.

Long-Term Yields from Ground- 
Water Discharge, Induced 
Infiltration, and Storage

The long-term yield of each aquifer was de 
termined by summing rates of water derived from 
storage, infiltration, and ground-water discharge 
from the aquifer (table 2). Rates of actual induced 
infiltration were unavailable for this study. There 
fore, the models used to calculate short-term 
aquifer yield from storage were modified to simu 
late streams, and the model-calculated average 
rate of infiltration occurring over a 180-day 
pumping period was used to derive the maximum 
rate of induced infiltration. The actual induced in 
filtration rate then was determined from the 
smaller of either the calculated maximum rate
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Table 7 .-Aquifer yields only from storage from the 26 aquifers

Aquifer system and 
aquifer name

Canoe River aquifer system
Upper Canoe River
Middle Canoe River
Mulberry Brook
Lower Canoe River

Hockomock River aquifer system
Upper Queset Brook
Lower Queset Brook
Upper Hocomock River

Rumford River aquifer system
Upper Rumford River
Middle Rumford River

Salisbury River aquifer system
Trout Brook
Salisbury Plain River

in Brockton
Salisbury Plain River

Satucket River aquifer system
Upper Shumatuscacant River
Lower Shumatuscacant River
Satucket River

Wading River aquifer system
Upper Wading River
Aquifer north of Lake Mirimichi
Hawthorne Brook
Middle Wading River
Hodges Brook

Other aquifers
Carver Pond-South Brook
Little Cedar Swamp
Lower Matfield-Taunton River
Lower West Meadow Brook
Meadow Brook
Pine Swamp Brook

30

3.4
10.1
3.8

15.0

3.4
3.9
4.6

5.7
3.7

7.1

3.7
9.8

3.4
4.6
3.0

3.6
5.3
2.8

11.2
3.5

10.7
5.8

13.4
2.6
5.4
9.0

Aquifer yield, 
for indicated

in cubic feet per second , 
pumping period, in days

Pumping period 
60 180

2.7
9.2
3.2

13.7

2.8
3.3
4.1

5.0
3.1

5.6

3.4
8.8

2.8
3.6
2.7

2.7
4.3
2.5
9.2
2.9

9.4
5.2

12.1
2.4
4.8
8.0

1.6
7.2
2.2

10.5

1.8
2.2
3.0

3.5
2.0

3.4

2.7
6.6

1.8
2.3
2.1

1.6
2.9
1.8
6.1
2.0

6.9
4.1
8.8
1.9
3.4
6.0

365

1.0
5.7
1.6
8.3

1.2
1.5
2.2

2.6
1.4

2.2

2.2
5.1

1.8
1.5
1.7

1.1
2.0
1.3
4.3
1.5

5.3
3.2
6.7
1.5
2.6
4.6

1 1 ft3/s = 0.646 Mgal/d
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from the model or the rate of streamflow available 
for infiltration.

Simulated Yields from Induced Infiltration 
and Storage

Figure 16 shows results of model simulation of 
pumping from the Middle Rumford River aquifer, 
as an example of the use of the ground-water 
model to estimate maximum rates of infiltration. 
In this model, the streambed hydraulic conductiv 
ity was set equal to 5 ft/d, the duration of simu 
lated pumping periods ranged from 0 to 360 days. 
The rates of water derived from storage, from in 
duced infiltration from the Rumford River, and the 
sum of these two rates are those that will result in 
the Middle Rumford River aquifer being desatu- 
rated by 50 percent beneath all simulated well 
fields. For example, for a pumping period of 180 
days, the rate is about 2.8 ft3/s. Of this total rate, 
2.0 ft3/s is derived from induced infiltration and 
0.8 ft3/s is derived from aquifer storage. Figure 
16 also shows that, as the duration of the pumping 
period increases, the total rate decreases. This 
relation between increasing duration of the pump 
ing period and decreasing total rate occurs because 
a finite quantity of water is obtained from storage 
for any particular pumping rate. In addition, fig 
ure 16 shows that the average rate at which water 
is derived from infiltration increases over about the 
first 180 days. After 180 days, the average infil 
tration rate does not change very much. There 
fore, the infiltration rate of 2.0 ft3/s that occurs for 
a 180-day pumping period was chosen as a rea 
sonable estimate of the maximum rate at which 
water can be induced to the Middle Rumford River 
aquifer from overlying streams. Model-derived 
maximum rates of induced infiltration at 180 days 
for the 26 aquifers are listed in table 8.

Table 8 also lists the maximum rate of water 
derived from storage when induced infiltration is 
simulated. Under real conditions, less water is re 
quired from storage when pumping induces infil 
tration of water from nearby streams. Therefore, 
the rate at which water is derived from storage 
depends, in part, on the rate of induced infiltration 
(fig. 17). If sufficient stream discharge is avail 
able, then infiltration can occur at a maximum 
rate. If stream discharge available for infiltration 
is less than a maximum rate of infiltration, then 
pumping from the aquifer must be decreased to a 
rate that does not cause infiltration to exceed 
stream discharge.

For the Middle Rumford River aquifer, the 
rates from infiltration and storage, and the total 
rate, are 2.0, 0.8, and 2.8 ft3/s, respectively, for 
50 percent desaturation of the aquifer beneath 
simulated well fields after a 180-day pumping pe 
riod (fig. 17). These rates are available from the 
Middle Rumford River aquifer if there is at least 
2.0 ft3/s of excess stream discharge available for 
infiltration. If available streamflow for infiltration 
in the Middle Rumford River aquifer equals only 
1.0 ft3/s, pumping must be reduced so that infil 
tration is limited to 1.0 ft3/s. If infiltration is lim 
ited to a rate of 1.0 ft3/s, desaturation of the 
aquifer beneath simulated well fields must be less 
than 50 percent and water derived from storage 
must be less than 0.8 ft3/s. As indicated in fig 
ure 17, for a rate of infiltration of 1.0 ft3/s, aquifer 
desaturation beneath simulated well fields is equal 
to about 21 percent and the corresponding rate at 
which water is derived from storage is about 0.4 
ft3/s.

Using the results of model simulations, a 
graph, similar to figure 17, of the relation between 
yields from infiltration and storage and percentage 
of desaturation of the aquifer beneath well fields, 
was drawn for each of the 26 aquifers. These 
curves were used to determine the percentage of 
desaturation of an aquifer beneath simulated well 
fields and the corresponding rate at which water is 
derived from storage when stream discharge 
available for infiltration was equal to or less than 
the model-derived maximum rate of infiltration.

Estimated Yields from Ground-Water 
Discharge, Induced Infiltration, and Storage

Two sets of estimates of long-term aquifer 
yields for each of the 26 aquifers from intercepted 
ground-water discharge, induced infiltration, and 
storage were made. The two sets of estimates 
were made by limiting water available for infiltra 
tion to the rate that is in excess of the stream dis 
charge at flow durations of either 99.5 and 95 per 
cent.

The yield of each aquifer equaled or exceeded 
at various percentages of the time for each dura 
tion was determined by summing rates of ground- 
water discharge from the aquifer (table 2), actual 
induced infiltration (the smaller of either the 
maximum rate of induced infiltration (table 8) or 
the rate of streamflow available for infiltration 
(tables 5 or 6), and water derived from storage as
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Figure 16.--Relation between sources of yield and duration of pumping period for the Middle 
Rumford River aquifer.
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Figure 17 Relation between yield from infiltration, yield from storage, and percentage of 
desaturation of aquifer beneath well fields, for a 180-day pumping period for the 
Middle Rumford River aquifer.
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Table 8.  Model-derived maximum rates of water from induced infiltration and storage for the 26 aquifers
after a 180-day pumping period

Aquifer system and 
aquifer name

Canoe River aquifer system
Upper Canoe River-
Middle Canoe River
Mulberry Brook
Lower Canoe River

Hockomock River aquifer system
Upper Queset Brook
Lower Queset Brook
Upper Hocomock River

Rumford River aquifer system
Upper Rumford River
Middle Rumford River

Salisbury River aquifer system
Trout Brook
Salisbury Plain River in Brockton
Salisbury Plain River

Satucket River aquifer system
Upper Shumatuscacant River
Lower Shumatuscacant River
Satucket River

Wading River aquifer system
Upper Wading River
Aquifer north of Lake Mirimichi
Hawthorne Brook
Middle Wading River-
Hodges Brook

Other aquifers
Carver Pond-South Brook
Little Cedar Swamp
Lower Matfield-Taunton River
Lower West Meadow Brook
Meadow Brook
Pine Swamp Brook

Infiltration

0.4
4.3
2.1
6.3

.5
2.6
1.5

1.3
2.0

2.2
1.8
2.7

1.7
2.6
1.3

1.9
.9

1.0
8.2

.5

2.0
2.6
6.2

.9

.7
1.9

Rate, in cubic feet per second

Storage

0.9
3.6
1.1
5.5

1.4
.9

1.7

2.3
.8

1.9
1.4
4.3

.9

.8
1.1

.7
1.9
1.0
2.1
1.4

5.0
2.1
4.4
1.1
2.5
4.2

Total 
rate

1.3
7.9
3.2

11.8

1.9
3.5
3.2

3.6
2.8

4.1
3.2
7.0

2.6
3.4
2.4

2.6
2.8
2.0

10.3
1.9

7.0
4.7

10.6
2.0
3.2
6.1
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calculated with consideration of the effect of infil 
tration (using data similar to those in figure 17).

An example of these calculations is shown in 
table 9 for the Middle Rumford River aquifer. At 
the limiting stream discharge of 99.5-percent ex- 
ceedance, intercepted ground-water discharge, in 
duced infiltration, and water derived from storage 
must all be equal to zero because all water from 
these sources is needed to maintain stream dis 
charge at that flow duration. During times when 
there is no stream discharge available for infiltra 
tion, the aquifer yield is equal to the rate of 
ground-water discharge minus the minimum 
streamflow to be maintained.

Two sets of calculations similar to those 
shown in table 9 were made for all 26 aquifers and 
then graphed as curves of aquifer yield versus per 
centage of time yield is equaled or exceeded (figs. 
18-27). Figures 18-22 illustrate aquifer yields 
when the minimum stream discharge to be main 
tained is the discharge equaled or exceeded 99.5 
percent of the time. Figures 23-27 illustrate 
aquifer yields when the minimum stream dis 
charge to be maintained is the discharge equaled 
or exceeded 95 percent of the time.

For example, for a minimum discharge main 
tained at the 99.5-percent duration, the yield 
available from the Middle Rumford River aquifer 
will equal or exceed about 4.0 ft3/s for 50 percent 
of the time, 2.6 ft3/s for 90 percent of the time, 
1.5 ft3/s for 95 percent of the time, and 0.7 ft3/s 
for 98 percent of the time. However, for a mini 
mum discharge maintained at the 95-percent dura 
tion, the yield available from the Middle Rumford 
River aquifer will equal or exceed 4.0 ft3/s for 50 
percent of the time, 1.0 ft3/s for 90 percent of the 
time, and 0 ft3/s for durations equal to or greater 
than 95 percent of the time.

The Lower Matfield-Taunton River aquifer 
and the Lower Canoe River aquifer have the high 
est yields of the 26 aquifers. Yields of these two 
aquifers equal or exceed 11.9 and 11.3 ft3/s for 90 
percent of the time, respectively (fig. 22), if mini 
mum stream discharge is to be maintained at 99.5- 
percent flow duration. The remaining 24 aquifers 
have yields that equal or exceed only 4 ft3/s or less 
for 90 percent of the time. The yields of the Lower 
Matfield-Taunton River and Lower Canoe River 
aquifers are high compared to the other aquifers 
because their rates of ground-water discharge 
(table 2), rates of water derived from storage, and 
rates if infiltration are high (table 8). The rates of 
ground-water discharge from these two aquifers 
are high because their drainage areas are large

and a large percentage of the drainage areas are 
covered by stratified drift. Rates of water from 
storage and infiltration are high because the 
aquifers cover large areas and have larger areas of 
high transmissivity compared to most of the other 
aquifers. Also, these aquifers underlie rivers that 
are further downstream in the basin (pi. 1) and, 
consequently, have large quantities of streamflow 
discharge available for infiltration (tables 5 and 6). 

Several of the aquifers are small but have 
high yields because of the large quantities of 
streamflow available for infiltration. An example 
of one of these aquifers is the Upper Hockomock 
River aquifer. Streamflow available for infiltration 
to this aquifer equals or exceeds 5.3 ft3/s for 90 
percent of the time. For some aquifers, such as 
the Satucket River aquifer and the Lower West 
Meadow Brook aquifer, streamflow available for 
infiltration at nearly all flow durations exceeds the 
maximum infiltration rate (tables 5 and 8). Many 
of the aquifers, especially those in the headwaters 
of the basin, have little or no streamflow available 
for infiltration for durations greater than about 90 
percent. For these aquifers, the only source of wa 
ter contributing to aquifer yield is ground-water 
discharge (table 2).

Effect of Alternative Ground-Water 
Development Plans

Comparison of Aquifer Yields and 1983 
Pumping Rates

Average daily pumping rates from 18 of the 
26 aquifers during 1983 for public water supply 
are shown in table 10. There was no pumping 
from eight aquifers in 1983 for public water sup 
ply. The appropriate graph of yield of each aquifer 
(figs. 18-27) was used to determine the approxi 
mate percentage of the time the estimated yield of 
that aquifer equals or exceeds the 1983 pumping 
rate. For example, the average 1983 pumping 
rate from the Lower Canoe River aquifer was 1.9 
ft3/s (table 10). For minimum stream discharge 
maintained at the 99.5 percent duration, the yield 
of the Lower Canoe River aquifer equals or ex 
ceeds 1.9 ft3/s for 98.5 percent of the time. There 
fore, the Lower Canoe River aquifer can support 
the 1983 pumping about 98.5 percent of the time. 
However, for minimum stream discharge main-
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Table 9.  Sample calculation of yield of the Middle Rumford River aquifer assuming minimum streamflow to 
be maintained is the discharge that is equaled or exceeded 99.5 percent of the time

Sources of water

1. Intercepted ground- 
water discharge 
from aquifer avail 
able for capture 
by wells

Rate that is equaled or exceeded
indicated percentage of the time,

in cubic feet per second

50
Percentage of time 

60 70 80 90 95 98 99.5

1.1 0.9 0.6 0.4 0.3 0.2 0.0

2. Rate of induced
pinfiltration 2.0 2.0 2.0 2.0 1.6 .9 .3 .0

3. Model-derived rate of 
water from aquifer 
storage during 
infiltration 
(percentage of 
desaturation of 
aquifer beneath 
well fields3)

.8

(50)

.8

(50) (50) (50)

.6

(36)

.4

(18)

.2

(2)

.0

(0)

4. Yield 3.9 3.7 3.6 3.4 2.6 1.6 .0

1 From table 2, except for rate at 99.5 percent (see text).
2 The smaller of either the maximum infiltration rate (table 8) or streamflow available for infiltration 

(table 5).
3 From figure 17, depending on infiltration rate.
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Figure 18.~Relation between aquifer yield and percentage of time yield is equaled or 
exceeded if minimum stream discharge is maintained at 99.5-percent duration for 
Hodges Brook, Lower West Meadow Brook, Upper Queset Brook, Upper 
Shumatuscacant River, and Upper Wading River aquifers.
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Figure 19.--Relation between aquifer yield and percentage of time yield is equaled or 
exceeded if minimum stream discharge is maintained at 99.5-percent duration for 
Carver Pond-South Brook, Pine Swamp Brook, Satucket River, and Upper Canoe Rivet- 
aquifers.
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Figure 20.--Relation between aquifer yield and percentage of time yield is equaled or 
exceeded if minimum stream discharge is maintained at 99.5-percent duration for 
Hawthorne Brook, Lower Shumatuscacant River, Meadow Brook, Middle Rumford 
River, Mulberry Brook, and Upper Hockomock River aquifers.

Little Cedar Swamp aquifer

Upper Rumford River aquifer

\ /Aquifer north of Lake Mirimichi

Salisbury Plain River aquifer 
in BrocktonLower 

Queset /\
Brook 

aquifer

Trout Brook 
aquifer

99.5

PERCENTAGE OF TIME YIELD IS EQUALED OR EXCEEDED

Figure 21.--Relation between aquifer yield and percentage of time yield is equaled or
exceeded if minimum stream discharge is maintained at 99.5-percent duration for the 
aquifer north of Lake Mirimichi, Salisbury Plain River aquifer in Brockton, and Little 
Cedar Swamp, Lower Queset Brook, Trout Brook, and Upper Rumford River aquifers.
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Figure 23.--Relation between aquifer yield and percentage of time yield is equaled or 
exceeded if minimum stream discharge is maintained at 95-percent duration for 
Hodges Brook, Lower West Meadow Brook, Upper Queset Brook, Upper 
Shumatuscacant River, and Upper Wading River aquifers.
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Figure 24.--Relation between aquifer yield and percentage of time yield is equaled or
exceeded if minimum stream discharge is maintained at 95-percent duration for Carver 
Pond-South Brook, Pine Swamp Brook, Satucket River, and Upper Canoe River 
aquifers.
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Figure 25.--Relation between aquifer yield and percentage of time yield is equaled or 
exceeded if minimum stream discharge is maintained at 95-percent duration for 
Hawthorne Brook, Lower Shumatuscacant River, Meadow Brook, Middle Rumford 
River, Mulberry Brook, and Upper Hockomock River aquifers.
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Figure 26.--Relation between aquifer yield and percentage of time yield is equaled or
exceeded if minimum stream discharge is maintained at 95-percent duration for the 
aquifer north of Lake Mirimichi, Salisbury Plain River aquifer at Brockton, Little 
Cedar Swamp, Lower Queset Brook, Trout Brook, and Upper Rumford River aquifers.
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Figure 27.  Relation between aquifer yield and percentage of time yield is equaled or
exceeded if minimum stream discharge is maintained at 95-percent duration for Lower 
Canoe River, Lower Matfield -Taunton River, Middle Canoe River, Middle Wading 
River, and Salisbury Plain River aquifers.
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Table 10.--Approximate percentage of the time aquifer yield equals or exceeds 1983 pumping rate, assuming 
all pumping is consumptive and that minimum streamflow maintained is the discharge equaled

or exceeded indicated percentage of the time

Aquifer name

Aquifer north of Lake Mirimichi

Carver Pond-South Brook

Hawthorne Brook

Lower Canoe River

Lower Matfield-Taunton River

Lower Queset Brook

Lower Shumatuscacant River

Middle Canoe River

Middle Wading River

Pine Swamp

Salisbury Plain River

Salisbury Plain River

in Brockton

Trout Brook

Upper Canoe River

Upper Hocomock River

Upper Queset Brook

Upper Rumford River

Upper Wading River

1983 pumping 
rate, in

Million 
gallons 
per day

0.45

0.3

.48

1.2

.53

.72

.37

2.5

1.2

.25

.53

.11

.37

.21

.30

1.2

1.8

.14

Cubic 
feet per 
second

0.7

0.5

.07

1.9

.8

1.1

.6

3.9

1.9

.4

.8

.2

.6

.3

.5

1.9

2.8

.2

Percentage of time yield 
is equaled or exceeded 
if streamflow limit is 
to be maintained at:

95-percent 99. 5 -percent 
flow flow 

duration duration

Percentage

87

78

84

92

95

85

87

81

89

74

90

92

80

82

93

68

78

88

of time

93

86

87

98.6

99

87

89

87

94

74

96

98

83

88

98.2

70

81

95

1 Rounded to nearest tenth.
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tained at the 95-percent duration, the yield of the 
Lower Canoe River aquifer equals or exceeds 1.9 
ft3/s about 92 percent of the time.

Of the 18 aquifers pumped in 1983, the Upper 
Queset Brook aquifer was pumped at the highest 
rate relative to its yield. The Upper Queset Brook 
aquifer was pumped at a rate of 1.9 ft3/s and 
could sustain this pumping rate about 70 percent 
of the time if minimum stream discharge is main 
tained at the 99.5-percent duration. The Lower 
Matfield-Taunton River aquifer, Lower Canoe 
River aquifer and Upper Hockomock River aquifer, 
were pumped at the lowest rates relative to their 
yields. All three of these aquifers could sustain 
their 1983 pumping rate at least 98 percent of the 
time. The overall results of the aquifer yield de 
terminations listed in table 10 show that the 1983 
pumping rate of each of the 18 aquifers could be 
sustained at least 70 percent of the time if mini 
mum streamflow is maintained at the 99.5-percent 
flow duration.

Assessment of Potential of Aquifers to 
Support New Development

Figures 18-27 can be used to assess the po 
tential of an aquifer to support historical, current, 
or new development under the conditions that 
aquifer development is limited to a rate that does 
not cause streamflow to decrease below the dis 
charge equaled or exceeded either 95 or 99.5 per 
cent of the time. For example, the Middle Rum- 
ford River aquifer can sustain development of 
2.6 ft3/s about 90 percent of the time (fig. 20) if 
stream discharge is maintained at the 99.5-percent 
duration, but can sustain that development only 85 
percent of the time if stream discharge is main 
tained at the 95 percent duration (fig. 25). Simi 
larly, the data listed in table 10 and illustrated in 
figures 18-27 can be used to estimate the percent 
age of time any selected amount of yield may be 
available from one of the 26 aquifers.

Effect of Simultaneous Development 
of Aquifers on Yield Estimates

Up to this point, the yields of the 26 aquifers 
in the study area were determined based on the 
assumption that each aquifer was independent of 
all others. From a geologic, hydrologic, and hy 
draulic point of view, this assumption generally is 
not valid. Sand and gravel deposits large enough

to support aquifer development often are inter 
connected by thin, narrow glacial deposits, or are 
drained by the same stream. Therefore, it is im 
portant to understand, particularly from a basin- 
wide water-management perspective, that the de 
velopment of one aquifer may affect the potential 
yield of adjacent or downstream aquifers. De 
creases in yield because of simultaneous aquifer 
development usually result from either well inter 
ference effects caused by pumpage in adjacent 
aquifers or by reductions in stream discharge 
available for infiltration caused by pumpage of up 
stream aquifers. The ground-water-flow models 
were used to demonstrate how multiple-aquifer de 
velopment affects individual aquifer yields.

Effect of Well Interference During 
Simultaneous Pumping of Aquifers

Several model simulations were made to de 
termine the effect of well interference on aquifer 
yield during simultaneous pumping of upstream 
and downstream aquifers. The yields of the Mid 
dle Wading River aquifer and the Lower Canoe 
River aquifer from storage under isolated develop 
ment were compared with the yields of these two 
aquifers during simultaneous development of them 
and nearby aquifers for pumping periods ranging 
from 1 to 365 days. The nearby aquifers when 
simulating development of the Middle Wading 
River aquifer were the Hawthorne Brook aquifer, 
the Hodges Brook aquifer, the Upper Wading River 
aquifer, and the aquifer north of Lake Mirimichi. 
The nearby aquifer was the Middle Canoe River 
aquifer when simulating development of the Lower 
Canoe River aquifer. In both cases, the aquifers 
were pumped at rates such that each simulated 
well field was desaturated by 50 percent at the end 
of the pumping period. Well-field locations were 
the same as those used in previous simulations. 
The results of these simulations indicate that well 
interference between aquifers does not appreciably 
decrease individual aquifer yield.

The effect of interference between aquifers lo 
cated in adjacent subbasins was not investigated 
because, in the north part of the basin, till-bedrock 
highlands commonly separate the subbasins. The 
transmissivity of the till and bedrock is low. 
Therefore, most aquifers probably would not be 
greatly affected by pumping in aquifers located in 
adjacent subbasins. In the central and southern 
parts of the basin, however, some subbasins are 
separated by areally extensive stratified drift
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rather than till-bedrock. It is possible that an 
aquifer in these parts of the basin could be affected 
by pumping in aquifers located in adjacent sub- 
basins.

imum streamflow to be maintained is at the 95- 
percent flow duration is because the yield available 
from the Upper Canoe River aquifer under these 
conditions is nearly equal to zero (fig. 24).

Effect of Reduced Stream Discharge Available 
for Induced Infiltration

Modeling results indicate that reduction in 
stream discharge available for infiltration to a 
downstream aquifer, because of simultaneous de 
velopment of aquifers upstream, may significantly 
decrease the yield of the downstream aquifer. As 
an example of how this effect was determined, 
yield calculations for the Middle Rumford River 
aquifer during simultaneous development of the 
Upper Rumford River aquifer are listed in table 
11. Ground-water discharge from the Upper Rum- 
ford River aquifer equals or exceeds 2.6 ft3/s 
50 percent of the time (table 2), and the maximum 
rate of infiltration to the Upper Rumford River 
aquifer after a 180-day pumping period is 1.3 ft3/s 
(table 8) for a total of 3.9 ft3/s. If the Upper Rum- 
ford River aquifer is fully developed, the estimated 
stream discharge available for infiltration to the 
Middle Rumford River aquifer (table 5) must be 
decreased by 3.9 ft3/s for all stream-discharge 
values ranging from 50- to 99.9-percent ex- 
ceedance. Yield calculations for the Middle Rum- 
ford River aquifer with full development of the 
Upper Rumford River aquifer are listed in 
table 11. Comparison of yields in tables 9 and 11 
show the effect of this simultaneous aquifer devel 
opment. For example, for isolated development of 
the Middle Rumford River aquifer, yield equaled or 
exceeded 90 percent of the time is 2.6 ft3/s (table 
9). With full development of the Upper Rumford 
River aquifer, the estimated yield decreases to 1.4 
ft3/s (table 11) or about one-half of the yield of the 
aquifer under isolated development.

The estimated yields of seven selected 
aquifers, where full development of upstream 
aquifers may take place, are shown in figures 28 
and 29. Yields shown in these two figures can be 
compared to yields of the same aquifers shown in 
figures 18-27 to assess the effect of full develop 
ment of upstream aquifers on the yields of these 
seven aquifers.

The effects of development of upstream aqui 
fers on yields, equaled or exceeded 90 percent of 
the time, for those seven aquifers, are summarized 
in table 12. The reason that the yield of the Mid 
dle Canoe River aquifer does not change when min-

Appraisal of Aquifer-Yield Estimates

Tables 13-16 summarize the yields of the 26 
aquifers for four alternate management options. 
There are many other possible options; these four 
were selected for illustrative purposes and are in 
tended to show the wide range in estimated yield 
which result from a wide range of maintained 
minimum streamflows. The yields listed in table 
13 are the highest of the four estimates because 
minimum stream discharge is set at the lowest of 
the two flows and the percentage of time the yield 
is available is 70 percent. Conversely, the yields 
listed in table 16 are the lowest of the four esti 
mates because minimum stream discharge is set at 
the highest of the two flows and the percentage of 
time the yield is available is 90 percent.

Comparison of the available yield of an 
aquifer and the 1983 pumping rate indicates that 
aquifers such as the Upper Hockomock River 
aquifer have sufficient yields available to satisfy 
the 1983 pumping rate under all selected flow con 
ditions. However, other aquifers, such as the Up 
per Queset Brook aquifer, were pumped at rates 
that exceeded the estimated yields available under 
the three most restrictive flow conditions. This 
discrepancy illustrates that the actual rate of 
pumpage of aquifers in the basin may differ sig 
nificantly from the estimated yields determined in 
this study. The principal reason why actual and 
estimated yields may differ is that real field condi 
tions and pumping conditions may invalidate one 
or more of the assumptions upon which the esti 
mates are based. The following discussion sum 
marizes the most important factors to consider 
when using the estimated aquifer-yield results.

Yields of aquifers are estimated based on all 
available information about the geometry and hy 
draulic properties of the aquifers. The yield esti 
mates were made assuming conditions that existed 
prior to any aquifer development. Actual yields 
may differ from the estimated yields because of 
specific limitations in well-field design or well per 
formance: (1) It may not be possible to install a 
well field in the exact location where it was simu 
lated in the model. A different location may be 
necessary if poor quality ground water exists at 
the modeled well-field location, or if it is physically

41



Table 11.  Estimated yield of the Middle Rumford River aquifer for full development of the
Upper Rumford River aquifer

Rate that is equaled or exceeded 

indicated percentage of the time,

in cubic feet per second 

Sources of water

50 60 70

Percentage of time 

80 90 95 98 99.5

1. Intercepted ground- 

water discharge 

from aquifer 1.1 0.9 0.8 0.6 0.4 0.3 0.2 0.0

2. Rate of induced
Q

infiltration 2.0 2.0 2.0 1.7 .7 .4 .0 .0

3. Model-derived rate of 

water from aquifer 

storage during
o

infiltration .8 .8 .8 .7 .3 .1 .0 .0

(Percentage of 

desaturation of 

aquifer associated 

with infiltration 

rate3) (50) (50) (50) (38) (14) (7) (0) (0)

4. Yield 3.9 3.7 3.6 3.0 1.4 .8 .2 .0

1 From table 2.
2 The smaller of either the maximum infiltration rate (table 8); or streamflow available for infiltration 

(table 5) minus upstream loss of stream discharge because of simultaneous development of the Upper 
Rumford River aquifer.

3 From figure 17 depending on infiltration rate.
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Figure 28.--Relation between aquifer yield and percentage of time yield is equaled or
exceeded for simultaneous development of upstream aquifers and minimum streamflow 
equal to the discharge that is equaled or exceeded 99.5 percent of the time.
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Figure 29.--Relation between aquifer yield and percentage of time yield is equaled or
exceeded for simultaneous development of upstream aquifers and minimum streamflow 
equal to the discharge that is equaled or exceeded 95 percent of the time.
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Table 12.  Aquifer yield equaled or exceeded 90 percent of the time, for no development (figs. 18-27) and full
development (figs. 28 and 29) of upstream aquifers

Aquifer 

(fig. 3 and pi. 1)

Upstream aquifers

fully developed

(fig. 3 and pi. 1)

Aquifer yield, in cubic feet 

per second, if streamflow 

limit to be maintained is:

95 

percent

99.5 

percent

Lower Canoe River 

Lower Canoe River

none 

Upper and Middle Canoe River

3.4 

1.8

11.3 

6.0

Lower Queset Brook 

Lower Queset Brook

none 

Upper Queset Brook

.4

.3

.8 

.6

Lower Shumatuscacant River 

Lower Shumatuscacant River

none 

Upper Shumatuscacant River

.3 .5

.2

Middle Canoe River 

Middle Canoe River

none 

Upper Canoe River

1.0 

1.0

2.8 

2.4

Middle Rumford River 

Middle Rumford River

none 

Upper Rumford River

1.0 

.5

2.6 

1.4

Middle Wading River 

Middle Wading River

none 

Upper Wading, Hawthorne

Brook, and aquifer 

north of Lake Mirimichi

1.4

.4

3.2

1.1

Salisbury Plain River

in Brockton 

Salisbury Plain River

in Brockton

none

Trout Brook

.8 

.5

1.8 

1.2
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Table 13.-Aquifer yields equaled or exceeded 70 percent of the time for minimum streamflow maintained at 99.5-percent
flow duration, in cubic feet per second

[The number to left of slash is the rate with no development of upstream aquifers; and the number following slash is the rate
with full development of upstream aquifers.]

Sources of water contributing 
to aquifer yield

Aquifer system and 
aquifer name

Basin 
discharge 1

Minimum 
stream

discharge 
main 

tained

Intercepted 
ground- 
water 

discharge3

Induced 
infil 
tra 
tion

Storage' Aquifer 
yield6

1983
pumping

rate7

Canoe River aquifer system
Upper Canoe River 1.0 0.03 0.5 0.4 0.9 1.8 0.3 
Middle Canoe River 9.8 1.0 4.1/4.1 4.3/3.7 3.6/3.0 12.0/10.8 3.9 
Mulberry Brook 5.3 .2 .6 2.1 1.1 3.8 .0 
Lower Canoe River 27.2 2.9 4.2/4.2 6.3/6.3 5.5/5.5 16.0/16.0 1.9

Hockomock River aquifer system
Uppei Queset Brook .9 .02 .4 .5 1.1 2.0 1.9 
Lower Queset Brook 4.2 .08 .5/.5 2.6/2.6 .9/.9 4.0/4.0 1.1 
Upper Hockomock River 9.3 .2 .6 1.5 1.7 3.8 .5

Rumford River aquifer system
Upper Rumford River 3.7 .3 1.7 1.3 2.4 5.4 2.8 
Middle Rumford River 8.0 .6 .8/.8 2.0/2.0 .8/.8 3.6/3.6 .0

Salisbury River aquifer system
Trout Brook 1.6 .04 .8 .8 .6 2.2 .6 
Salisbury Plain River

in Brockton 8.2 .2 1.2/1.2 1.8/1.8 1.4/1.4 4.4/4.4 .2 
Salisbury Plain River 10.6 .3 2.4 2.7 4.3 9.4 .8

Satucket River aquifer system
Upper Shumatuscacant River 1.5 .03 .7 .8 .4 1.9 .0 
Lower Shumatuscacant River 3.4 .06 .8/.8 2.5/1.0 .8/.2 4.1/2.0 .6 
Satucket River 21.3 2.3 .4 1.3 1.1 2.8 .0

Wading River aquifer system
Upper Wading River 1.2 .03 .6 .5 .1 1.2 .2 
Aquifer north of

Lake Mirimichi 3.6 .3 1.7 .9 1.9 4.5 .7 
Hawthorne Brook 2.7 .1 1.3 1.0 1.0 3.3 .7 
Middle Wading River 12.2 .8 1.7/1.7 8.2/3.6 2.1/.9 12.0/6.2 1.9 
Hodges Brook 2.1 .1 1.0 .5 1.4 2.9 .0

Other aquifers
Carver Pond-South Brook
Little Cedar Swamp
Lower Matfield-

Taunton River
Lower West Meadow Brook
Meadow Brook
Pine Swamp Brook

2.1
3.8

63.4
30.3

3.6
2.3

.9

.2

2.8
1.5
.1
1.7

1.2
1.2

2.6
1.0
1.1
.6

.0
2.4

6.2
.9
.7
.0

.0
1.9

4.4
1.1
2.5
.0

1.2
5.5

13.2
3.0
4.3
.6

.5

.0

.8

.0

.0

.4

1 From table 4 at 70-percent flow duration.
2 From table 4 at 99.5-percent flow duration.
3 Ground-water discharge at 70-percent flow duration available for capture by wells. For number to the left of the slash: 

From table 2 (if there is infiltration) or the basin discharge minus the minimum stream discharge to be maintained (if 
there is no infiltration). Number to the right of the slash includes the effect of upstream development on the rates of 
ground-water discharge, infiltration, and storage. See example calculation in table 11.

4 Infiltration rate after 180-days of pumping. For number to the left of the slash: the smaller of either the maximum rate of 
infiltration (table 8) or stream discharge available for infiltration (table 5) at 70-percent flow duration. Number to the 
right of the slash includes the effect of upstream development on the rates of ground-water discharge, infiltration, and 
storage. See example calculation in table 11.

5 Water derived from aquifer storage during infiltration (from figures similiar to figure 17).
6 Aquifer yield equaled or exceeded 70 percent of the time (the sum of columns 3 + 4+5). See figures 18-22.
7 From table 10.
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Table 14.--Aquifer yields equaled or exceeded 70 percent of the time for minimum streamflow maintained at 95-percent
flow duration, in cubic feet per second

[The number to left of slash is the rate with no development of upstream aquifers; the number 
following slash is the rate with full development of upstream aquifers.]

Sources of water contributing 
to aquifer yield

Aquifer system and 
aquifer name

Basin Minimum 
discharge 1 stream 

discharge 
main 

tained

Intercepted 
ground- 
water 

discharge3

Induced 
infil 
tra 

tion

Storage Aquifer 1983 
yield6 pumping 

rate7

Canoe River aquifer system
Upper Canoe River 1.0 0.2 0.5 0.4 0.8 1.7 0.3 
Middle Canoe River 9.8 2.5 4.1/4.1 3.2/2.3 2.6/1.8 9.9/8.2 3.9 
Mulberry Brook 5.3 .8 .6 2.1 1.1 3.8 0 
Lower Canoe River 27.2 7.1 4.2/4.2 6.3/6.3 5.5/5.5 16.0/16.0 1.9

Hockornock River aquifer system
Upper Queset Brook .9 .1 .4 .4 .9 1.7 1.9 
Lower Queset Brook 4.2 .4 .5/.5 2.6/2.4 .9/.8 4.0/3.7 l.l 
Upper Hockomock River 9.3 1.1 .6 1.5 1.7 3.8 .5

Rumford River aquifer system
Upper Rumford River 3.7 .8 1.7 1.2 2.1 5.0 2.8 
Middle Rumford River 8.0 1.8 .8/.8 2.0/2.0 .8/.8 3.6/3.6 .0

Salisbury River aquifer system
Trout Brook 1.6 .2 .8 .6 .5 1.9 .6 
Salisbury Plain River

in Brockton 8.2 .8 1.2/1.2 1.8/1.8 1.4/1.4 4.4/4.4 .2 
Salisbury Plain River 10.6 1.4 2.4 2.7 4.3 9.4 .8

Satucket River aquifer system
Upper Shumatuscacant River 1.5 .2 .7 .6 .3 1.6 .0 
Lower Shumatuscacant River 3.4 .3 .8/.8 2.2/.S .7/.2 3.7/1.8 .6 
Satucket River 21.3 5.6 .4 1.3 1.1 2.8 .0

Wading River aquifer system
Upper Wading River 1.2 .2 .6 .4 .1 1.1 .2 
Aquifer north of

Lake Mirimichi 3.6 .8 1.7 .9 1.9 4.5 .7 
Hawthorne Brook 2.7 .4 1.3 1.0 1.0 3.3 .7 
Middle Wading River 12.2 2.4 1.7/1.7 8.1/2.1 2.1/.5 11.9/4.3 1.9 
Hodges Brook 2.1 .4 1.0 .5 1.4 2.9 .0

Other aquifers
Carver Pond-South Brook
Little Cedar Swamp
Lower Matfield-

Taunton River
Lower West Meadow Brook
Meadow Brook
Pine Swamp Brook

2.1
3.8

63.4
30.3

3.6
2.3

1.2
.6

10.2
5.2
.4
1.7

.9
1.2

2.6
1.0
1.1
.6

.0
2.0

6.2
.9
.7
.0

.0
1.4

4.4
1.1
2.5
.0

.9
4.6

13.2
3.0
4.3
.6

.5

.0

.8

.0

.0

.4

1 From table 4 at 70-percent flow duration.
2 From table 4 at 95-percent flow duration.
3 Ground-water discharge at 70-percent flow duration available for capture by wells. For number to the left of the slash: 

From table 2 (if there is infiltration) or the basin discharge minus the minimum stream discharge to be maintained (if 
there is no infiltration). Number to the right of the slash includes the effect of upstream development on the rates of 
ground-water discharge, infiltration, and storage. See example calculation in table 11.

4 Infiltration rate after 180-days of pumping: For number to the left of the slash: the smaller of either the maximum rate of 
infiltration (table 8) or stream discharge available for infiltration (table 6) at 70-percent flow duration. Number to the 
right of the slash includes the effect of upstream development on the rates of ground-water discharge, infiltration, and 
storage. See example calculation in table 11.

6 Water derived from aquifer storage during infiltration (from figures similiar to figure 17).
6 Aquifer yield equaled or exceeded 70 percent of the time (the sum of columns 3 + 4 + 5). See figures 23-27.
7 From table 10.
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Table l5.-Aquifer yields equaled or exceeded 90 percent of the time for minimum streamflow maintained at 99.5-percent
flow duration, in cubic feet per second

[The number to left of slash is the rate with no development of upstream aquifers; and the number following slash is the
rate with full development of upstream aquifers.]

Sources of water contributing to 
aquifer yeild

Aquifer system and 
aquifer name

Basin 
discharge 1

Minimum 
stream

discharge 
main 

tained "

Intercepted 
ground- 
water 

discharge3

Induced 
infil 
tra 

tion

Storage" Aquifer 
yield6

1983
pumping

rate7

Canoe River aquifer system 
Upper Canoe River 
Middle Canoe River 
Mulberry Brook 
Lower Canoe River

Hockomock River aquifer system 
Upper Queset Brook 
Lower Queset Brook 
Upper Hockomock River

Rurnford River aquifer system 
Upper Rumford River 
Middle Rumford River8

Salisbury River aquifer system 
Trout Brook 
Salisbury Plain River

in Brockton 
Salisbury Plain River

Satucket River aquifer system 
Upper Shumatuscacant River 
Lower Shumatuscacant River 
Satucket River

Wading River aquifer system 
Upper Wading River 
Aquifer north of

Lake Mirimichi 
Hawthorne Brook 
Middle Wading River 
Hodges Brook

0.3
3.5
1.3

10.0

.2

.8
1.9

1.2 
2.6

.4

1.5
2.4

.3

.6
7.8

.4

1.2 
.7

3.6 
.6

0.03 
1.0 
.2 
2.9

.02 

.08 

.2

.04

.2 

.3

.03 

.06 
2.3

.03

.3 

.1 

.8 

.1

0.3
2.1/2.1 

.3
2.1/2.1

.2
.37.3 

.3

.9
.4/.4

.4

.6/.6 
1.2

.3
.4/.2 

.2

.4

.9 

.6
.9/.9 

.5

0.0
.4/.2

.8 
5.0/2.1

.0
.4/.3 
1.4

.0 
1.6/.7

.0

.7/.4 
.9

.0 
l/.O 
1.3

.0

.0 

.0
1.9/.2 

.0

0.0
.3/.1

.4 
4.2/1.8

.0
.l/.O 
1.5

.0 
.6/.3

.0

.5/.2 
1.1

.0
.O/.O 
1.1

.0

.0 

.0
.4/.0 

.0

0.3 
2.8/2.4

1.5 
11.3/6.0

.2
.8/.6 
3.2

.9 
2.6/1.4

.4

1.8/1.2 
3.2

.3
.5/.2 
2.6

.4

.9 

.6
3.2/1.1 

.5

0.3 
3.9 
0 
1.9

1.9
1.1

.5

2.8 
.0

.2

.7

.7
1.9
.0

Other aquifers
Carver Pond-South Brook
Little Cedar Swamp
Lower Matfield-

Taunton River
Lower West Meadow Brook
Meadow Brook
Pine Swamp Brook

1.3
.9

16.4
8.2

.8
1.8

.9

.2

2.8
1.5
.1
1.7

.4

.6

1.3
.5
.6
.1

.0

.1

6.2
.9
.1
.0

.0

.1

4.4
1.1
.3
.0

.4

.8

11.9
2.5
1.0
.1

.5

.0

.8

.0

.0

.4

1 From table 4 at 90-percent flow duration (if rate in table 4 is less than rate in table 2, rate in table 2 is used).
2 From table 4 at 99.5-percent flow duration.
3 Ground-water discharge at 90-percent flow duration available for capture by wells. For number to the left of the slash: 

From table 2 (if there is infiltration) or the basin discharge minus the minimum stream discharge to be maintained (if 
there is no infiltration). Number to the right of the slash includes the effect of upstream development on the rates of 
ground-water discharge, infiltration, and storage. See example calculation in table 11.

4 Infiltration rate after 180-days of pumping: For number to the left of the slash: the smaller of either the maximum rate of 
infiltration (table 8) or stream discharge available for infiltration (table 5) at 90-percent flow duration. Number to the 
right of the slash includes the effect of upstream development on the rates of ground-water discharge, infiltration, and 
storage. See example calculation in table 11.

5 Water derived from aquifer storage during infiltration (from figures similiar to figure 17).
6 Aquifer yield equaled or exceeded 90 percent of the time (the sum of columns 3 + 4 + 5). See figures 18-22.
7 From table 10.
8 Also see tables 9 and 11 at 90-percent flow duration.
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Table 16.--Aquifer yields equaled or exceeded 90 percent of the time for minimum streamflow maintained at 95-percent
flow duration, in cubic feet per second

[The number to left of slash is the rate with no development of upstream aquifers; and the number following slash is the rate
with full development of upstream aquifers.]

Sources of water contributing to 
aquifer yeild

Aquifer system and 
aquifer name

Basin Minimum 
discharge 1 stream 

discharge 
main 

tained

Intercepted 
ground- 
water 

discharge3

Induced 
Infil 
tra 

tion

Storage5 Aquifer 
yield6

1983 
pumping

rate 7

Canoe River aquifer system 
Upper Canoe River 
Middle Canoe River 
Mulberry Brook 
Lower Canoe River

Hockomock River aquifer system 
Upper Queset Brook 
Lower Queset Brook 
Upper Hockomock River

Rumford River aquifer system 
Upper Rumford River 
Middle Rumford River

Salisbury River aquifer system 
Trout Brook 
Salisbury Plain River

in Brockton 
Salisbury Plain River

Satucket River aquifer system 
Upper Shumatuscacant River 
Lower Shumatuscacant River 
Satucket River

Wading River aquifer system 
Upper Wading River 
Aquifer north of

Lake Mirimichi 
Hawthorne Brook 
Middle Wading River 
Hodges Brook

0.3
3.5
1.3

10.0

.2

.8
1.9

1.2 
2.6

.4

1.5 
2.4

.3 

.6
7.8

.4

1.2 
.7

3.6 
.6

0.2 
2.5 
.8 
7.1

.1 

.4 
1.1

.8 
1.8

.2

.8 
1.4

.2 

.3 
5.6

.2

.8 

.4 
2.4
.4

0.1 
1.0/1.0

.3 
2.1/1.8

.1
.3/.3 

.3

.4 
.4/.4

.2

.6/.5 
1.0

.2
.3/.1 

.2

.2

.4 

.3
.9/.4 

.2

0.0 
.O/.O

.2 
.8/.0

.0
.l/.O 

.6

.0
.4/.1

.0

.l/.O 
.0

.0
.O/.O 
1.3

.0

.0 

.0
.3/.0 

.0

0.0 
.O/.O

.1 
.5/.0

.0
.O/.O 

.6

.0 
.2/.0

.0

.l/.O 
.0

.0 
.O/.O

1.1

.0

.0 

.0
.l/.O 

.0

0.1 
1.0/1.0

.6 
3.4/1.8

.1
.4/.3 
1.4

.4
1.0/.5

.2

.8/.5 
1.0

.2
.3/.1 
2.6

.2

.4 

.3
1.4/.4 

.2

0.3
3.9

.0
1.9

.1.9 

.1.1 

.5

2.8 
.0

.2

.7

.7
1.9

.0

Other aquifers
Carver Pond-South Brook
Little Cedar Swamp
Lower Matfield-

Taunton River
Lower West Meadow Brook
Meadow Brook
Pine Swamp Brook

1.3
.9

16.4
8.2

.8
1.8

1.2
.6

10.2
5.2
.4
1.7

.1

.3

1.3
.5
.4
.1

.0

.0

4.9
.9
.0
.0

.0

.0

3.3
1.1
.0
.0

.1

.3

9.5
2.5
.4
.1

.5

.0

.8

.0

.0

.4

1 From table 4 at 90-percent flow duration (if rate in table 4 is less than rate in table 2, rate in table 2 is used).
2 From table 4 at 95-percent flow duration.
3 Ground-water discharge at 90-percent flow duration available for capture by wells. For number to the left of the slash: 

From table 2 (if there is infiltration) or the basin discharge minus the minimum stream discharge to be maintained (if 
there is no infiltration). Number to the right of the slash includes the effect of upstream development on the rates of 
ground-water discharge, infiltration, and storage. See example calculation in table 11.

4 Infiltration rate after 180-days of pumping. For number to the left of the slash: the smaller of either the maximum rate of 
infiltration (table 8) or stream discharge available for infiltration (table 6) at 90-percent flow duration. Number to the 
right of the slash includes the effect of upstream development on the rates of ground-water discharge, infiltration, and 
storage. See example calculation in table 11.

5 Water derived from aquifer storage during infiltration (from figures similiar to figure 17).
6 Aquifer yield equaled or exceeded 90-percent of the time (the sum of columns 3 + 4 + 5). See figs. 23-27.
7 From table 10.
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or economically more feasible to locate a well field 
elsewhere; (2) well efficiency is not 100 percent, as 
is assumed in the models; and (3) it is probably not 
possible to capture 100 percent of the ground-wa 
ter discharge from the aquifer by pumping. Only 
a fraction of the basin ground-water discharge may 
be captured by the wells. Actual yields also may 
differ from the estimated yields because the value 
of specific yield of an aquifer differs from the value 
of 0.2 assigned in the models. Sensitivity tests of 
the effect of variation in specific yield from 0.1 to 
0.3 for several aquifers indicate that yields from 
storage might differ by as much as 0.6 to 1.5 
times the yield predicted by the model when using 
the assigned value of 0.2. Also, streams were as 
sumed to be well connected to the underlying 
aquifers on the basis of field investigation of 
streambed lithology. However, there may be low- 
conductivity layers of stratified drift at depth be 
neath the stream. In these situations, actual infil 
tration rates would be less than the rates predicted 
by the models. Estimated rates of ground-water 
discharge to streams also could vary by as much 
as 50 percent from actual rates of discharge.

Estimates of yields from intercepted ground- 
water discharge, induced infiltration, and storage 
and the resulting analysis of the impact of 
developing the aquifers were made assuming that 
water is derived only from these three sources. 
However, there are other sources that may in 
crease yield. Four additional sources of water are: 
(1) Ground-water discharge from the aquifer 
across subbasin boundaries as underflow, which 
could be captured prior to discharging; (2) water 
captured by lowering the water table, which re 
duces evapotranspiration of ground water; (3) re 
turn flow from waste water discharge; and (4) wa 
ter available from storage for conditions when 
there is no stream discharge available for induced 
infiltration. Under these conditions, ground-water 
discharge to the aquifer was assumed to be the 
only source of water contributing to the aquifer 
yield. Underflow was not considered a source of 
water for the yield estimates because rates of un 
derflow probably are small compared to rates 
available from the three sources considered in this 
study. Water captured by reducing evapotranspi 
ration and return flow from wastewater discharge 
were not included as sources of water during 
pumping because accurate determination of the 
rates of contribution from these sources would re 
quire extensive data collection and analysis that 
was beyond the scope of this report. Some water- 
also is derived from storage during pumping to

capture ground-water discharge. Because the 
areal extents and thicknesses of the 26 aquifers 
considered in this study are small, the additional 
water derived from storage during pumping to cap 
ture ground-water discharge would probably be 
small.

The estimates of yields from aquifer storage 
are applicable during severe drought. Because wa 
ter is derived primarily from aquifer storage, 
steady-state conditions may never be achieved, 
and continued pumping will cause water levels to 
continue to decline.

The models constructed in this study were 
used to assess aquifer yields from a regional per 
spective. They were not designed to investigate 
the effect of local aquifer development on ground- 
water levels and ground-water flow patterns, or to 
determine optimum locations of well fields. Devel 
opment of models designed to address the effect of 
local aquifer development requires intensive, site- 
specific field study, and model design, develop 
ment, and calibration, which were beyond the 
scope of this study.

Regional relationships between stream dis 
charge and percentage of stratified drift (fig. 13) 
and ground-water discharge and percentage of 
stratified drift (fig. 9) were developed; however, 
the use of these relations is not intended to replace 
direct field measurement of stream discharge and 
ground-water discharge. These relations provide 
estimates of discharge when measurement sites 
are inaccessible or where field measurements 
would be inaccurate and unrepresentative.

The r2 values of the regression lines describ 
ing stream discharge and ground-water discharge 
in terms of percentage of stratified drift covering a 
basin indicate how much variation in discharge can 
be accounted for by the percentage of drift. The r2 
values indicate that other variables in addition to 
percentage of stratified drift contribute to variation 
in ground-water and stream discharge among 
basins under certain flow conditions. These other 
factors probably include the geohydrologic charac 
teristics of the stratified drift, till, and bedrock; 
depth to the water table; area of ponds and wet 
lands; the rate and duration of evapotranspiration; 
slope of land surface; vegetative type and extent of 
coverage; and climate of the basins. Consideration 
of these factors in future studies might result in 
more accurate equations for predicting rates of 
ground-water and stream discharge.

The yield estimates presented in this report 
should prove useful in (1) assessing the potential of 
an aquifer to sustain current or future withdrawal
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during normal and drought conditions; (2) planning 
and managing the regional development of the wa 
ter resources for all uses in the basin; and (3) as 
sessing the need for and effects of interbasin and 
intrabasin transfer of water.

QUALITY OF GROUND WATER IN 
THE STRATIFIED-DRIFT AQUIFERS

Eighty analyses of physical properties and 
concentrations of common constituents, 51 analy 
ses of selected trace metals, and 74 analyses of 
selected volatile organic compounds were used to 
characterize quality of ground water in the strati- 
fied-drift aquifers. Most samples were collected by 
local water department personnel from public-sup 
ply and test wells and were analyzed by the Mas 
sachusetts Department of Environmental Quality 
Engineering. Results of these analyses were ob 
tained from the Southeast Regional Office of the 
Massachusetts Department of Environmental 
Quality Engineering in Lakeville, Mass. Several of 
the samples were collected by homeowners from 
their domestic wells and were analyzed by a pri 
vate water-quality laboratory. The Survey col 
lected 35 samples from public-supply and test 
wells, domestic wells, and industrial-supply wells 
for analysis at the Survey's Laboratory, Atlanta, 
Ga. Of these samples, 3 were analyzed for com 
mon constituents, 27 for trace metals, and 5 for 
volatile organic compounds. The Survey sampling 
sites were located in areas where water-quality 
data from other sources were not available.

Physical Properties and Major 
Chemical Constituents

Selected physical properties and concentra 
tions of major constituents in ground water from 
stratified-drift aquifers at 80 sampling sites 
throughout the basin are listed in tables 17 and 
18, and are illustrated in figure 30 and plate 2. 
Three of the 80 samples were collected and ana 
lyzed by the Survey (table 18).

No concentrations of sulfate or chloride ex 
ceeded limits recommended for drinking water. 
However, concentrations of sodium exceeded the 
Massachusetts limit recommended for drinking wa 
ter for those on sodium-restricted diets of 20 mg/L 
(Mass. DEQE, 1982) in 19 of the 80 samples 
(tables 17 and 18).

Ph

The pH of ground water ranges from 5.4 to 
7.0. PH of ground water was less than 6.0 at 
one-half of the sites, and less than 6.5 at 90 per 
cent of the sites. PH exceeded 6.9 at only one site. 
Ground water is mildly corrosive to metal pipes 
and may result in the dissolution of lead, copper, 
zinc, and cadmium from metal plumbing systems. 
Elevated concentrations of copper may cause an 
astringent metallic taste and blue staining of 
plumbing fixtures. Lead in concentrations above 
the 50 micrograms per liter level may not be de 
tectable by taste and will not cause stains but is 
considered highly toxic.

Hardness

Hardness of the ground water ranged from 9 
to 97 mg/L, and the mean hardness of water from 
all samples was 37 mg/L. Hardness was less than 
34 mg/L at one-half of the sites and hardness was 
less than 69 mg/L at 90 percent of the sites. 
Hardness of ground water in most areas of strati 
fied drift is less than or equal to 60 mg/L, which 
classifies the ground water as soft (Durfor and 
Decker, 1964). The hardness of ground water in 
all other areas ranged between 60 and 120 mg/L, 
which classifies water at these sites as moderately 
hard.

Specific Conductance

Specific conductance of ground water ranged 
from 38 to 410 microsiemens per centimeter at 
25 °C (tables 17 and 18). The specific conductance 
of water is frequently used as an indirect measure 
of the concentration of total dissolved solids in wa 
ter (Williams and other, 1973, sheet 3, fig. 8). 
Consequently, specific conductance can be used as 
a general indication of the quality of water. Also, 
changes in specific conductance at a site over time 
frequently can be used to detect changes in 
ground-water quality over time. Increasing con 
centrations of sodium and chloride in ground water 
from continued use of road salts, for example, 
might be detected by observing an increase in spe 
cific conductance of the ground water over time.

The two ionic species that contribute most to 
high specific conductance are sodium and chloride. 
This conclusion is based on comparison of the fre 
quency distributions of major cations and anions
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Table 17 .-Statistical summary of selected chemical constituent data in ground water in stratified-drift aquifers 

[Data are in milligrams per liter except as indicated; NL = no recommended limit.]

Concentration

Constituents

and
properties

pH (units)
Alkalinity

(as CaCO 3 )

Hardness

(Ca + Mg as

CaCO 3 )
Calcium

Magnesium

Sodium
Potassium
Iron

Manganese
Sulfate

Chloride

Nitrate (as N)
Specific

conductance
(micro-

Siemens per
centimeter

at 25°C)

Number

of
analyses

79

80

77
80

80
80
80
80
80
80

80

80

80

Recom

mended
limit 1

NL

NL

NL2

NL

NL
3 20

NL

.3
.05
250

250

10

NL

Minimum Mean

value

5.4

4.0 16.5

9.0 37.3

1.6 10.0

.9 3.1
2.0 15.7
.3 1.4
.0 .6
.0 .2

2.0 16.7
4.0 23.6

.0 1.4

38.0 161

Maximum

value

7.0

41.0

97.0
25.0
21.0
54.0

8.6
19.0
2.1

44.0

87.0

16.0

410

Values in
50 percent

of

analyses
are less

than those

shown

6.0

14.5

34.5

9.1

2.3
11.3
1.0
.02
.02
14.9
18.5

.82

142

Values in

90 percent
of

analyses
are less

than those
shown

6.5

27.0

69.2
17.0

5.9
30.0
2.3
.57
.62
33.0

55.0
2.7

280

Number
of

samples

exceeding
recommended

limit

 

--

0
--

 

19
--

12

37

0
0
2

 

1 Recommended limits for drinking water, U.S. Environmental Protection Agency (1975; 1977; 1980).
2 Soft water is commonly considered to have hardness concentrations between 0 and 60 mg/L (Durfor and Becker, 1964).
3 Recommended limit for drinking water for those individuals on sodium-restricted diets (MDEQE, 1982).
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Table 18.-Concent rations of selected chemical constituents in ground water in stratified-drift aquifers 

[Analyses are in milligrams per liter except as noted; NM = no measurement.]

Samples with 15-digit station numbers ending in "OL" are domestic wells for which water quality was analyzed by Oliveira 
Labs, Bridgewater, Mass.; samples with 15-digit station numbers ending in "01" were collected and analyzed by the 
U.S. Geological Survey; and samples with 8-digit station numbers were analyzed by the DEQE (Massachusetts 
Department of Environmental Quality Engineering). The number following the 2-letter town or water-district prefix is 
the sample number assigned by the DEQE during water-quality analysis.

For U.S. Geological Survey analyses, the concentrations of calcium, magnesium, sodium, potassium, sulfate, chloride, 
nitrogen, iron, and manganese are dissolved fractions; whereas for DEQE and Oliveira analysis, concentrations 
are totals (suspended plus dissolved).

U.S. Environmental Protection Agency (1975; 1977; 1980) recommended drinking water limit for sulfate and chloride is 
250 mg/L, for sodium is 20 mg/L, for nitrate is 10 mg/L, for iron is 0.3 mg/L, and for manganese is .05 mg/L. There 
are no recommended limits for other constituents listed.

Station 
number

AV559594
AV559596
AV559597

415036071062501
415048071050101

BR559397
BR563206
BR563207
BR563208
BR563209
MC553586
MC553587

BO559806

DH563179
DH563180

EB559855
EB559856
EB559857
EB561493

EA557085
EA557086
EA557087
EA559764
EA561860

FO557164
FO557165
FO557167
FO557168
FO557170
FO561071

HA532573
HA539943
HA559936
HA559937

HN555684
HN559554

Date Specific 
of conduct- 

sample ance 
(ps/cm)

01-18-82
01-18-82
01-18-82

08-22-83
08-22-83

11-12-81
02- -83
02- -83
02- -83
02- -83
02-05-80
02-05-80

02-03-82

02-07-83
02-07-83

02-08-82
02-08-82
02-08-82
06-30-82

03-09-81
03-09-81
03-09-81
02-01-82
09-07-82

03-11-81
03-11-81
03-11-81
03-11-81
03-11-81
05-05-82

06-19-75
09-29-76
02-16-82
02-16-82

09-26-80
01-08-82

410
370
270

55
150

70
320
170
310
130
170
150

190

150
170

140
170
130
86

160
185
115
235

70

140
106
150
150
160
140

70
38

165
195

57
210

PH
(stand 

ard 
units)

6.2
6.1
6.3

5.9
5.9

6.0
6.5
7.0
6.3
6.2
6.2
6.6

5.9

6.0
6.1

5.9
6.3
6.0
6.6

5.8
5.9
5.9
5.9
6.3

6.0
5.9
6.0
6.2
5.9
6.2

6.3
6.6
6.3
6.5

6.3
6.2

Cal- Magne- 
cium sium Sodium 
(as (as (as 
Ca) Mg) Na)

Avon
23 7.2 48
21 5.6 39
18 3.9 28

Berkley
2.9 1.2 4.6

12 1.4 15

Bridgewater
5.2 1.3 4.8

18 6.9 23
8.6 3.2 19

16 6.9 22
5.8 2.3 12
9.0 3.3 16

17 2.6 8.0

Brockton
10 3.8 16

Dighton
8.8 1~6~ 12
8.7 1.8 15

East Bridgewater
5.8 2.7 13

14 3.8 8.2
8.1 3.9 7.7
2.7 2.0 8.1

Easton
10 2.9 12
9.5 2.1 19
7.4 2.3 8.7

10 2.8 30
7.3 1.2 6.0

Foxborough
8.2 1.8 11
6.4 1.6 8.5

14 2.7 19
11 2.2 13
11 2.3 15
11 2.5 11

Halifax
3.7 1.6 7.0
2.0 .9 5.0

10 4.3 12
15 5.9 11

Hanson
3.0 L2~~ 5.8

19 8.0 15

Potas 
sium 
(as 
K)

2.3
2.8
1.3

.4
1.2

.3
8.6
2.3
8.4

.5
1.0
.8

1.5

1.4
1.9

1.4
1.4

.7

.6

1.4
2.1
1.1
1.0
.5

.9
1.0
1.0
.9
.9
.4

.6

.4
1.1
1.2

.4
2.8

Alka 
linity 

lab 
(as 

CaCO 3 )

41
27
37

4.0
20

16
18
29
17
12
17
39

11

13
14

11
15
15
18

10
12
15
17
15

15
12
18
18
10
18

22
9.0

19
25

7.0
27

Sulfate 
(as 

SO 4 )

24
29
21

11
16

10.5
23

2.0
21
18
14
33

34

16
15

16
35
30

7.5

23
23
16
21

8.0

14
14
20

9.0
2.0

10.5

2.0
4.0

23
35

5.0
44

Chlo 
ride 
(as 
CD

75
70
46

5.3
22

4.0
35
22
34
19
29

9.0

23

19
25

21
13
8.0
9.0

19
24
10
35

6.0

17
12
22
21
26
18

8.0
4.0

21
22

7.0
27

Nitro 
gen, 

nitrate 
(as 
N)

3.99
1.9
.70

<.10
.42

.10
14.8

.30
16.0

.20

.70

.00

.30

.90
1.3

.80

.80

.01

.10

1.8
4.0

.60
3.7

.40

1.3
.50

1.6
1.0
.90

1.9

.00

.10

.10

.00

.10

.50

Man- 
Iron ganese 
(as (as 
Fe) Mn)

0.02
0
0

.19

.17

1.7
.02
.02

0
.48
.02

1.7

0

.1
0

.23

.2

.36

.03

0
0
0

.04
0

.02

.08

.02

.02
0
0

.03
0

.7

.57

0
.05

0.1
.14
.7

.01

.01

.1

.62

.22

.63

.14

.04

.63

.03

.08
0

.06

.08

.09
0

0
.22
.25

0
0

.01

.16

.08

.01

.05
0

.01
0

.52
1.6

0
.03

52



Table ^.--Concentrations of selected chemical constituents in ground water in stratified-drift aquifers (continued)

Station 
number

414847070551601
4149310705536OL
4151400705628OL

MN556463
MN557437
MN559585
MN560114
MN561298

MI555870
MI560240
MI560241
MI560242
MI560244
MI560245
MI560247
MI560248
MI561457

NT560135
NT560136
NT560137
NT560138
NT560139

PL560974
PL560975

RC560523
RN560775
RN560776

SH556982
SH557863
SH560610

SM560692

ST560717
ST560718
ST560719
ST561995

TN560757
TN560759

WB560696
WB560697
WB560698

WH555882
WH558809
WH559491

WR560945

Date 
of 

sample

08-23-83
07-07-83
08-05-83

12-02-80
04-01-81
01-11-82
02-23-82
06-03-82

10-14-80
03-02-82
03-02-82
03-02-82
03-02-82
03-02-82
03-02-82
03-02-82
06-24-82

02-25-82
02-25-82
02-25-82
02-25-82
02-25-82

04-27-82
04-27-82

03-23-82
04- -82
04- -82

03-02-81
04-28-81
03-30-82

04-05-82

04-05-82
04-05-82
04-05-82
10-01-82

04-13-82
04-13-82

04-06-82
04-06-82
04-06-82

10-08-80
07-29-81
12-13-81

04-21-82

Specific 
conduct 

ance
(us/cm)

123
260

44

59
96

120
115
115

120
150
270
330
310
140
140
180
86

73
74
85

105
68

260
195

100
90

230

76
160
140

120

125
105
160
200

90
140

175
195
310

250
280
300

170

PH
(stand 

ard 
units)

NM
5.8
5.8

5.9
6.2
6.0
6.3
6.0

6.5
6.1
6.1
5.9
6.9
5.7
6.0
6.0
6.6

6.3
6.2
6.1
6.2
6.5

5.7
5.6

5.7
5.8
5.4

5.9
6.5
6.0

6.9

6.3
6.2
6.4
5.9

6.0
6.5

5.9
5.9
6.3

6.0
6.1
5.7

6.4

Cal- Magne- 
cium sium Sodium 
(as (as (as 
Ca) Mg) Na)

Lakeville
8.3 T5 6.0
1.6 3.9 37.5
2.0 1.5 <2.0

Mansfield
3.4 1.1 7.4
6.0 1.4 8.6

10 2.7 5.7
6.3 2.2 11
9.1 2.4 8.4

Middleborough
13 2~T) 7.0
13 3.5 8.3
9.1 3.4 49
9.3 3.3 54

16 3.9 39
5.0 1.9 16
5.2 2.0 17
7.1 2.2 22
7.5 1.5 6.2

Norton
5.8 1.8 6.1
5.8 1.8 5.6
6.5 1.7 8.1
8.3 2.5 9.5
5.3 1.9 5.4

Plain ville
13 2.5 39
8.7 21 26

Raynham
4.4 1.6 11
6.6 1.8 7.6

13 3.0 25

Sharon
6.5 1.4 6.7

11 2.9 9.4
12 2.9 10

Somerset
6.6 1.4 11

Stoughton
10 O 7.0
9.0 2.2 7.0
9.2 2.3 13

15 3.8 21

Taunton
10 2.1 4.9
11 1.8 14

West Bridgewater
11 3.2 17
11 3.2 23
21 4.7 45

Whitman
16 7.2 17
25 8.5 25
19 7.3 29

Wrentham
12 2.1 17

Potas 
sium 
(as 
K)

2.6
1.4

.6

1.7
.8
.5

1.2
1.1

.8
1.9
1.3
1.7
2.0
1.3
1.5
1.2
.4

.6

.5

.5
1.0

.3

1.8
.8

.9

.6
2.0

.6

.7

.9

1.0

.8

.7
1.1
2.9

.5
2.0

2.0
1.5
1.4

1.2
4.0
3.2

.8

Alka 
linity 

lab 
(as

14
11
4.0

15
9.0

10
11
12

22
13
9.0
7.0

20
13
10
11
16

13
13
11
17
16

10
9.0

6.0
9.0
6.0

12
28
15

36

25
17
37
16

20
21

13
6.0

22

22
37
18

15

Sulfate 
(as 

S04)

12
17
4.0

12
12
16
15
12.3

3.0
32
11
11
17
8.0
8.0
9.0
5.8

9.0
12
2.0
3.0

10

16
14.8

10.5
13
35

3.0
12
22.5

15.8

15
16
13
12

16
25

30
35
32.5

25
34
36.3

15

Chlo 
ride 
(as 
CD

5.8
70

8.0

7.0
11
9.0

14
10

20
13
68
87
67
27
27
39
10

7.0
8.0

10
8.0
6.0

61
42

13
9.0

32

15
15
15

6.0

9.0
10
13
38

5.0
11

22
30
59

37
39
55

29

Nitro 
gen, 

nitrate 
(as
N)

2.70
1.56

<.10

.00

.60
4.6

.80
4.7

.30

.80
1.3
1.2
1.3
.40

1.5
.80
.60

.10

.10

.90

.70

.10

4.0
1.9

.90
1.4
2.4

.00

.80

.80

.80

.80

.40

.01
2.5

.70
1.3

1.5
1.4
.30

.40

.00

.10

.90

Man- 
Iron ganese 
(as (as 
Fe) MN)

.23

.30

.25

.02

.01

.05

.02

.05

.07

.17
0

.02

.02

.18
0
0

.03

.03

.04

.02

.13

.01

.03

.09

.73

.01

.1

.1
0
0

.04

.05

.02

.01

.03

.01

.17

.32

.62

.27

.67
15
19

.02

<.01
<.01
<.01

.03
0
0
0
0

.05

.1

.01

.03
0

.68

.01

.01

.01

.2

.2

.01

.49

.02

.13

.27

.54

.08

.81

.02
0
0

.06

.57

.02

.01

.01

.01

.03

.33

.22
1.3

.42
2.1
1.3

0
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illustrated in figure 30, which shows frequency dis 
tributions of concentrations of calcium, magne 
sium, sodium, alkalinity, sulfate, and chloride in 
the 80 ground-water samples used in this study. 
The bar graphs show the variability in concentra 
tion of each constituent among the 80 sites. For 
example, concentrations of calcium range from 0 to 
25 mg/L with almost 50 percent of the concentra 
tions between 8 and 12 mg/L, whereas concentra 
tions of chloride are widely distributed between 4 
and 87 mg/L. Comparison of the bar graphs in fig 
ure 30 using the milliequivalents per liter scale in 
dicates that at relatively high concentrations 
(greater than or equal to 1 milliequivalent per 
liter), the cations and anions that contribute most 
to high specific conductance in the ground water 
are sodium and chloride, respectively. This conclu 
sion that the high specific conductance is mostly 
attributable to the presence of sodium and chloride 
is further supported by comparing the concentra 
tions of selected ions in the sample from station 
AV5 59594 (table 18). The concentrations of cal 
cium, sodium, sulfate, and chloride in water from 
that station are 1.15, 2.09, 0.5, and 2.11 mil 
liequivalents per liter, respectively. Comparison of 
these concentrations shows that there are only 
about one-half as many calcium and one-quarter 
as many sulfate equivalents in the ground water 
at this site as there are sodium and chloride equiv 
alents.

Chloride

The temporal variation of chloride concentra 
tions in ground water from five wells in the basin 
is shown in figure 31 and 32. These five wells are 
illustrated because the concentrations of chloride in 
these wells were among the highest shown in table 
18, and because historical measurements of chlo 
ride concentrations in these wells were readily 
available. The three wells shown in figure 31 are 
located within several hundred feet of each other in 
the Lower Matfield-Taunton River aquifer (fig. 4) 
in Bridge water, Mass. The two wells shown in 
figure 32 are located near major interstate high 
ways. West Bridgewater well 3 is located near the 
intersection of Interstate 24 and Route 106 in the 
Upper Hockomock River aquifer (pi. 1, fig. 3). 
Middleborough Rock Road 1 is located just south of 
Interstate 25 in an unnamed stratified-drift 
aquifer.

Chloride concentrations in the two wells near 
the interstate highways (fig. 32) increased from

1964 to 1984, except for the decrease in the early 
1980's in Middleborough Rock Road 1. The in 
creasing chloride concentration in ground water in 
these two wells since the early 1960's coincides 
with an increase in deicing salts applied on State 
highways in Massachusetts from 1955 to about 
1973 (Pollock and Toler, 1973; Frimpter and Gay, 
1979). Chloride concentrations seem to have re 
mained relatively constant at about 10 mg/L from 
the early 1950's to about 1964 in the three 
Bridgewater wells. After 1964, chloride concentra 
tions gradually increased to about 30-40 mg/L in 
the early 1980's. The increase in chloride concen 
tration in ground water from the three wells 
shown in figure 31 also might be attributable to 
application of deicing salts on town highways.

Iron and Manganese

Twelve of the 80 samples analyzed for iron 
and 37 of the 80 sites analyzed for manganese had 
concentrations that exceeded the recommended 
limits (table 17). Concentrations of these two met 
als that exceed the limits of 0.3 mg/L for iron and 
0.05 mg/L for manganese recommended for 
drinking water are a common occurrence in strati 
fied-drift aquifers in New England. These limits 
have been recommended primarily for aesthetic 
reasons. High concentrations of iron and man 
ganese affect the taste of water and can stain both 
plumbing fixtures and laundered clothing. Ground 
water in the basin pumped for public supplies is 
generally treated for reduction or removal of iron 
and manganese before distribution if concentra 
tions of the two metals exceed their recommended 
limits.

Nitrate

Nitrate concentrations were below the recom 
mended limit of 10 mg/L (tables 17 and 18) in all 
but two of the 80 samples. The two samples that 
had nitrate concentrations that exceeded the rec 
ommended limit are from two adjacent High Street 
wells in the Lower Matfield-Taunton River aquifer 
in the Town of Bridgewater. Water from these 
two wells presently receives treatment for removal 
of nitrate prior to distribution. High nitrate con 
centrations are usually attributable to man's ac 
tivities and the most common sources include 
farm-animal waste, leaching from septic tanks and
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landfills, and runoff from fertilized agricultural 
land.

Temporal variation in nitrate concentration in 
ground water from the High Street wells in 
Bridgewater are shown in figure 33. Although the 
historical data are sparse, nitrate concentrations 
suddenly increased about 1965 in High Street well 
2, and seems to have remained high through 1983. 
Nitrate concentrations were even higher in High 
Street well 3 during this period. The source of the 
nitrates to these wells has not been positively iden 
tified, and it also is not known why the concentra 
tion of nitrate in High Street well 3 is higher than 
that in High Street well 2, even though both wells 
are within several hundred feet of each other and 
are about 60 feet deep.

Regional Ground-Water Quality

Plate 2, which shows the locations of the 80 
sampling sites in the basin, also shows the concen 
trations of selected major constituents in the 
ground water at each site using a Stiff diagram. 
The constituents shown on each diagram are: 
sodium plus potassium, chloride, calcium, alkalin 
ity as CaCOs, magnesium, sulfate, iron, and ni 
trate. The milliequivalents per liter of each of the

eight constituents is represented by the length of 
the line from the vertical axis. The general chemi 
cal character of the ground water at each site at 
the time of sampling can be determined from the 
Stiff diagram. For example, relatively elevated 
concentrations of sodium and chloride occur in the 
ground water in the north part of the basin in the 
Towns of Avon, Sharon, and Whitman, near Route 
24 in West Bridgewater, and near Route 25 in 
Middleborough. These relatively elevated concen 
trations are evident from the Stiff diagrams 
because of the relatively long sodium-chloride axis 
as compared to the length of the sodium-chloride 
axis on the other Stiff patterns. Elevated nitrate 
concentrations are evident in the two wells near 
High Street in Bridgewater.

Areal variation in water quality within and 
among stratified-drift aquifers in the basin also 
can be determined by comparing the variation in 
size and shape of the diagrams. For this compari 
son, it is assumed that there is no significant vari 
ation in ground-water quality over the several 
years the water-quality data were collected.

For example, the same shapes and sizes of the 
diagrams throughout the Trout Brook aquifer 
(pi. 1, fig. 3) indicate that the quality of the 
ground water is the same throughout this aquifer. 
All three Stiff patterns of ground-water quality in

20

Bridgewater High Street Well 1

Bridgewater High Street Well 3 /

Bridgewater High Street 
Well 2

1951 1954 1957 1960 1963 1966 1969 1972 1975 1978 1981 1984

Figure 33 Temporal variation in nitrate concentration in water from selected wells in the 
Lower Matfield-Taunton River aquifer.
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this aquifer show similar, elevated concentrations 
of sodium, chloride, calcium, and alkalinity. The 
same observations regarding the sizes and shapes 
of diagrams throughout the Middle Canoe River 
aquifer, Lower Canoe River aquifer, and Salisbury 
Plain River aquifer suggest that the quality of 
ground water is the same throughout each of these 
aquifers.

Comparison of diagrams among aquifers sug 
gests that the quality of ground water in the Trout 
Brook and Salisbury Plain River aquifers is simi 
lar, that the quality of ground water in the Middle 
and Lower Canoe River Aquifers is similar, but 
that the quality of ground water in the Middle and 
Lower Canoe River aquifers is different from that 
in the Trout Brook and Salisbury Plain River 
aquifers. The concentrations of common con 
stituents in ground water in both the Trout Brook 
and Salisbury Plain River aquifers are relatively 
elevated compared to the concentrations of these 
same constituents in the Middle and Lower Canoe 
River aquifers.

Selected Trace Metals

Fifty-one analyses (table 19) of selected trace 
metals in ground-water samples from stratified- 
drift aquifers throughout the basin were used to 
characterize trace metal concentrations in the 
ground water. The trace metals were arsenic, 
barium, cadmium, chromium, copper, cyanide, 
lead, mercury, selenium, silver, zinc, and nickel. 
Twenty-seven of these samples were collected and 
analyzed by the Survey. For the 10 constituents 
in table 19 that have U.S. Environmental 
Protection Agency (1975 and 1977) recommended 
drinking water limits, only lead at one sampling 
site had a concentration that exceeded the 
recommended limit of 50 ug/L (micrograms per 
liter). A concentration of 60 ug/L was detected in 
MI561193.

Summary statistics of nine of the trace metals 
are shown in table 20. Minimum, mean, and 
maximum values of the concentrations of the trace 
metals in table 20 provide an indication of the 
background concentrations of these constituents in 
ground water in stratified-drift aquifers in the 
basin.

Selected Volatile Organic Compounds

Analyses of selected organic compounds in 
ground water in the stratified-drift aquifers at 74 
locations revealed that 13 of the samples contained 
one or more of the following: Chloroform; carbon 
tetrachloride; 1,1 dich-loroethane; 1,2 trans- 
dichloroethylene; tetrachloroethylene; toluene; 
1,1,1 trichloroethane; and trichloroethylene (table 
21).

The U.S. Environmental Protection Agency 
has set Maximum Contaminant Levels (MCLs) for 
community water systems for 8 synthetic organic 
compounds (U.S. Environmental Protection Agen 
cy, 1985). These eight compounds and their MCLs 
are: Trichloroethylene, 5 ug/L; carbon tetrachlo 
ride, 5 ug/L; vinyl chloride, 1 ug/L; 1,2-di- 
chloroethane, 5 ug/L; benzene, 5 ug/L; 1,1-dichloro- 
ethylene, 7 ug/L; 1,1,1-trichloroethane, 200 ug/L; 
and p-dichlorobenzene, 750 pg/L. As noted above, 
three of these compounds were detected. Tri 
chloroethylene was detected in five samples. The 
concentration of trichloroethylene in one of these 
five samples exceeded the limit of 5 ug/L. A con 
centration of carbon tetrachloride of 0.8 ug/L, was 
detected in one sample, which is below the MCL of 
5 ug/L. Concentrations of 1,1,1 trichloroethane 
were detected in ten samples, but none exceeded 
the MCL for that compound.

SUMMARY AND CONCLUSIONS

This report presents estimated yields for 26 
selected aquifers located in the northern half of the 
Taunton River basin and describes the quality of 
ground water in stratified drift in the basin.

Glacial stratified-drift deposits form the major 
aquifers in the basin. These aquifers are long, nar 
row, and thin; their saturated thicknesses range 
from about 20 feet to somewhat more than 100. 
Aquifer widths range from about 0.1 to 1.5 miles, 
and lengths range from about 1 to 5 miles. These 
aquifers are composed of layers of sand and gravel 
with some interbedded layers of silt and clay.

Estimates of yields available from aquifer 
storage for the 26 aquifers were made to deter 
mine yields available during severe drought. For a 
30-day pumping period, yields range from 2.6 ft3/s 
from the Lower West Meadow Brook aquifer to 15.0 
ft3/s from the Lower Canoe River aquifer. Fourteen 
of the 26 aquifers have yields that are less 
than 5 ft3/s, seven have yields of from 5 to 10 ft3/s,
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Table 20.--Statistical summary of selected trace metal concentrationdata in ground water in
stratified-drift aquifers

[Data are in micrograms per liter except as indicated; NL = no recommended limit.]

Concentration

Constituent

Arsenic

Barium

Cadmium

Chromium

Copper

Cyanide

Lead

Mercury

Selenium

Silver

Zinc

Nickel

Number 
of 

analyses

41

42

44

50

34

27

19

14

42

14

36

9

Recom 
mended 
limit 1

50

1,000

10

50

1,000

NL

50

2.0

10

50

5,000

NL

Minimum 
value

0

0

0

0

0

0

0

0

0

0

0

0

Mean

1.4

63.1

.8

5.4

74.5

.0

3.3

.1

.5

.3

31.7

22.2

Maximum 
value

10.0

200

10.0

20.0

430

.0

60.0

.4

9.0

4.0

120

200

Number
of samples 
exceeding 

recommended 
limit

0

0

0

0

0

--

1

0

0

0

0

--

1 Recommended limits for drinking water (U.S. Environmental Protection Agency, 1975; 1977).
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Table 2\. Concentrations of selected volatile organic compounds in ground water in stratified-drift aquifers

[Analyses are in micrograms per liter; <0.1 = concentration of compound is less than analysis detection limit of 0.1 \ig/L;
NM = not measured; ND = not detected.]

Samples with 15-digit station numbers were collected and analyzed by the U.S. Geological Survey; samples with 8-digit
sample numbers were analyzed by the DEQE (Massachusetts Department of environmental Quality Engineering).The number

following the two-letter town prefix is the sample number assigned by the DEQE during water-quality analysis.

Date
Station of 
number sample

AV001907 07-15-80
AV001908 07-15-80
AV001909 07-15-80
AV001910 07-15-80

415036071062501 08-22-83
415048071050101 08-22-83

BR000190 02-13-80
BR000191 02-13-80
BR000192 02-13-80
BR000193 02-13-80
BR001626 06-30-80
BR005589 11-23-80
MC000194 02-20-80
MC000195 02-20-80

BO004909 08-05-81

DH004221 05-11-81

Carbon- 
Ben- Bromo- tetra- 
zene form chlo- 
total total ride 

total

NM
NM
NM
NM

< 1.0
<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

ND
ND
ND
ND

< 1.0
<1.0

ND
ND
ND
ND
ND
ND
ND
ND

ND

ND

ND
ND
ND
ND

< 1.0
<1.0

ND
ND
ND
ND
ND
ND
ND
ND

ND

ND

Chloro- Chloro- 
ben- dibromo- Chloro- 
zene methane ethane 
total total total

NM
NM
NM
NM

< 1.0
<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

Avon
ND
ND
ND
ND

Berkley
< 1.0
<1.0

Bridgewater
ND
ND
ND
ND
ND
ND
ND
ND

Brockton
ND

Dighton~~ND

NM
NM
NM
NM

< 1.0
<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

2-Chlo- 
roethyl- 
vinyl- 
ether 
total

NM
NM
NM
NM

< 1.0
<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

Chlor 
oform 
total

ND
0.2
.1
.4

<1.0
<1.0

ND
ND
ND
ND
ND
ND
ND
ND

ND

ND

Di- 
chloro- 
bromo- 

methane 
total

ND
ND
ND
ND

<1.0
<1.0

ND
ND
ND
ND
ND
ND
ND
ND

ND

ND

Dichlo- 
ro-di- 

fluoro- 
me thane 

total

NM
NM
NM
NM

< 1.0
<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

1,1-Di- 
chloro- 
ethane 
total

NM
1.0
1.0
1.6

< 1.0
<1.0

NM
NM
NM
NM
NM
ND
NM
NM

ND

ND

1 2-Di- 
chloro- 
ethane 
total

ND
ND
ND
ND

< 1.0
<1.0

ND
ND
ND
ND
ND
ND
ND
ND

ND

ND

East Bridgewater
EB001430 06-02-80
EB001431 06-02-80
EB001432 06-02-80
EB006877 07-30-82
EB006878 07-30-82

EA000378 03-10-80
EA000379 03-10-80
EA000380 03-10-80
EA000381 03-10-80
EA007271 09-15-82
EA007656 10-26-82

FO003224 12-17-81
FO003225 12-17-81
FO003785 04-03-81
FO003786 04-03-81

HA003356 01-23-81
HA003357 01-23-81
420011070521801 08-16-83

HN003099 12-08-80
HN003100 12-08-80

414847070551601 08-23-83
415140070562801 08-23-83

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM
<1.0

NM
NM

< 1.0
< 1.0

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

<1.0

ND
ND

< 1.0
< 1.0

ND
ND
ND
ND
ND

ND
ND
.8

ND
ND
ND

ND
ND
ND
ND

ND
ND

<1.0

ND
ND

<1.0
<1.0

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM
<1.0

NM
NM

<1.C
< 1.0

ND
ND
ND
ND
ND

Easton
ND
ND
ND
ND
ND
ND

Foxborough
ND
ND
ND
ND

Halifax
ND
ND

i < 1.0

Hanson
ND
ND

Lakeville
1 < 1.0
1 <1.0

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM
<1.0

NM
NM

< 1.0
< 1.0

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM
<1.0

NM
NM

< 1.0
< 1.0

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
0.4

<1.0

ND
ND

<1.0
<1.0

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

<1.0

ND
ND

<1.0
<1.0

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM
<1.0

NM
NM

< 1.0
< 1.0

NM
NM
NM
ND
ND

NM
NM
NM
NM
ND
ND

NM
NM
ND
ND

ND
ND

<1.0

ND
ND

< 1.0
< 1.0

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
<1.0

ND
ND

< 1.0
< 1.0
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Table 21. Concentration of selected volatile organic compounds in ground water in stratified-drift aquifers (continued)

1.1-Di- 1,2
chlor- Transdi- 1.2-Di- 1.3-Di- Ethyl-

Methyl- 1.1,2,2 Tetra- 1 1,1- 1,1,2- Tri- Tri-
v..,.v,, ..u.,,^, t.^^,, *..v^i jjmji ene Tetra- chloro- Tri- Tri- chloro- chloro- Vinyl
oethyl- chloro- chloro- chloro- ben- Methyl- chlo- chloro- ethyl- Tolu- chloro- chloro- ethyl- fluoro- chlo-
ene ethylene propane propane zene bromide ride ethane ene ene ethane ethane ene methane ride
total total total total total total total total total total total total total total total

ND
ND
ND
ND

<1.0

ND
ND
ND
ND
ND
ND
ND
ND

ND

ND

ND
0.2
.2

1.4

<1.0

ND
ND
ND
ND
ND
ND
ND
ND

ND

ND

NM
NM
NM
NM

<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

NM
NM
NM
NM

<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

NM
NM
NM
NM

<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

NM
NM
NM
NM

<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

ND
ND
ND
ND

<1.0

ND
ND
ND
ND
ND
ND
ND
ND

ND

ND

Avon
NM ND
NM ND
NM 4.9
NM .6

Berkley

Bridgewater
NM ND
NM ND
NM ND
NM ND
NM ND
NM ND
NM ND
NM ND

Brockton
NM ND

Dighton
NM ND

NM
NM
NM
1.6

<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

2.0
.2
.3

5.9

<1.0

ND
ND
ND
ND
ND
ND
ND
ND

ND

ND

NM
NM
NM
NM

<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

0.5
.1
.6

6.7

<1.0

ND
ND
ND
ND
ND
ND
ND
ND

ND

ND

NM
NM
NM
NM

<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

NM
NM
NM
NM

<1.0

NM
NM
NM
NM
NM
NM
NM
NM

NM

NM

East Bridgewater
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

NM ND
NM ND
NM ND
NM ND
NM ND

Easton
NM ND
NM ND
NM ND
NM ND
NM ND
NM ND

Foxborough
NM ND
NM ND
NM ND
NM ND

Halifax
NM ND
NM ND

Hanson
NM ND
NM ND

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

ND
ND
ND
ND
ND

ND
ND
ND
.7
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

Lakeville
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Table 21.  Concentrations of selected volatile organic compounds in ground water in straufted-drift aquifers (continued)

Station 
number

MN001198
MN001199
MN001201
MN002268
MN003098
MN004328
MN006734

Date 
of 

sample

05-13-80
05-13-80
05-13-80
09-05-80
12-08-80
05-13-81
06-22-82

Carbon- 
Ben-Bromo- tetra- 
zene form chlo- 
total total ride 

total

NM ND
NM ND
NM ND
NM ND
NM ND
NM ND
NM ND

ND
ND
ND
ND
ND
ND
ND

Chlor- 
oben- 
zene 
total

NM
NM
NM
NM
NM
NM
NM

Chloro- 
dibromo- Chloro- 
methane ethane 

total total

Mansfield
ND NM
ND NM
ND NM
ND NM
ND NM
ND NM
ND NM

2-Chlo- 
roethyl- 
vinyl- 
ether 
total

NM
NM
NM
NM
NM
NM
NM

Chlor 
oform 
total

ND
ND
ND
ND
ND
ND
ND

Di-
Chloro- 
bromo- 

methane 
total

ND
ND
ND
ND
ND
ND
ND

Dichlo- 
ro-di- 

fluoro- 
me thane 

total

NM
NM
NM
NM
NM
NM
NM

1 1-Di- 
chloro- 
ethane 
total

NM
NM
NM
ND
ND
NM
ND

1,2-Di- 
chloro- 
ethane 
total

ND
ND
ND
ND
ND
ND
ND

Middleborough
MI000184
MI000185
MI000186
MI000187
MI000188
MI000189
MI001904
MI001905
MI002674
M1006870

NT000563
NT000564
NT000565
NT000566

PL001195
PL001196

RC00038G
RN006233

SH003783
SH003784

SM001900

ST003228
ST003229
ST003230

02-19-80
02-19-80
02-20-80
02-20-80
02-20-80
02-20-80
07-22-80
07-22-80
10-22-80
07-30-82

04-14-80
04-14-80
04-15-80
04-14-80

05-08-80
05-08-80

03-14-80
04-06-82

03-11-81
03-11-81

07-21-80

12-17-80
12-17-80
12-17-80

NM ND
NM ND
NM ND
NM ND
NM ND
NM ND
NM ND
NM ND
NM ND
NM ND

NM ND
NM ND
NM ND
NM ND

NM ND
NM ND

NM ND
NM ND

NM ND
NM ND

NM ND

NM ND
NM ND
NM ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

ND
ND

ND

ND
ND
ND

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM

NM

NM
NM
NM

ND NM
ND NM
ND NM
ND NM
ND NM
ND NM
ND NM
ND NM
ND NM
ND NM

Norton
ND NM
ND NM
ND NM
ND NM

Plainville
ND NM
ND NM

Raynham
ND NM
ND NM

Sharon
ND NM
ND NM

Somerset
ND NM

Stoughton
ND NM
ND NM
ND NM

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM

NM

NM
NM
NM

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

ND
ND

ND

ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

ND
ND

ND

ND
ND
ND

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM

NM

NM
NM
NM

NM
NM
NM
NM
NM
NM
NM
NM
ND
ND

NM
NM
NM
NM

NM
NM

NM
ND

ND
ND

NM

ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

ND
ND

ND

ND
ND
ND

West Bridgewater
WB000382
WB000383
WB000384

03-12-80
03-12-80
03-12-80

NM ND
NM ND
NM ND

ND
ND
ND

NM
NM
NM

ND NM
ND NM
ND NM

Whitman

NM
NM
NM

ND
ND
ND

ND
ND
ND

NM
NM
NM

NM
NM
NM

ND
ND
ND

WH005742 

WR000562

12-13-81 

04-14-80

NM ND 

NM ND

ND 

ND

NM NDNM 

Wrentham
NM ND NM

NM 

NM

ND 

ND

ND 

ND

NM 

NM

ND

NM

ND 

ND
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Table 21.-Concentration of selected volatile organic compounds in ground water in stratified-drift aquifers (continued)

1,1-Di- 1,2 Methyl- 1.1,2,2 Tetra- 1,1.1- 1,1.2- Tri- Tri-
chlor- Transdi- 1,2-Di- 1,3-Di- Ethyl- ene Tetra- chloro- Tri- Tri- chloro- chloro- Vinyl
oethyl- chloro- chloro- chloro- ben- Methyl- chlo- chloro- ethyl- Tolu- chloro- chloro- ethyl- fluoro- chlo-
ene ethylene propane propane zene bromide ride ethane ene ene ethane ethane ene methane ride
total total total total total total total total total total total total total total total

ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

ND
ND

ND

ND
ND
ND

ND
ND
ND

ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

ND
ND

ND

ND
ND
ND

ND
ND
ND

NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM

NM

NM
NM
NM

NM
NM
NM

NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM

NM

NM
NM
NM

NM
NM
NM

NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM

NM

NM
NM
NM

NM
NM
NM

NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM

NM

NM
NM
NM

NM
NM
NM

Mansfield
ND NM ND
ND NM ND
ND NM ND
ND NM ND
ND NM ND
ND NM ND
ND NM ND

Middleborough
ND NM ND
ND NM ND
ND NM ND
ND NM ND
ND NM ND
ND NM ND
ND NM ND
ND NM ND
ND NM ND
ND NM ND

Norton
ND NM ND
ND NM ND
ND NM ND
ND NM ND

Plainville
ND NM ND
ND NM ND

Raynham
ND NM ND
ND NM ND

Sharon
ND NM ND
ND NM ND

Somerset
ND NM ND

Stoughton
ND NM ND
ND NM ND
ND NM ND

West Bridgewater
ND NM ND
ND NM ND
ND NM ND

Whitman

NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM

NM

NM
NM
NM

NM
NM
NM

ND
9.5
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

22.4
7.8

ND
ND

.1
ND

ND

ND
ND
1.2

ND
ND
ND

NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM

NM

NM
NM
NM

NM
NM
NM

ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND

ND
ND

ND
ND

ND

ND
ND
ND

ND
ND
ND

NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

NM
NM

NM
NM

NM
NM

NM

NM
NM
NM

NM
NM
NM

NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

NM
NM
NM
NM

MN
NM

NM
NM

NM
NM

NM

NM
NM
NM

NM
NM
NM

ND ND NM NM NM NM ND NM ND NM ND NM .6 NM NM

Wrentham 
ND ND NM NM NM NM ND FfM ND NM ND NM ND NM NM
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and five have yields of from 10 to 15 ft3/s. For a 
180-day pumping period, yields range from 1.6 
ft3/s from the Upper Canoe and Upper Wading 
River aquifers to 10.5 ft3/s from the Lower Canoe 
River aquifer. Nineteen of the 26 aquifers have 
yields that are less than 5 ft3/s, six have yields of 
from 5 to 10 ft3/s, and one has a yield of 10.5 
ft3/s.

Estimates of yields available from intercepted 
ground-water discharge, induced infiltration, and 
storage for the 26 aquifers were made to deter 
mine yields available under normal climatic condi 
tions. Two sets of estimates of yields were made 
for each of the aquifers. For the first set of esti 
mates, aquifer yields were calculated for the condi 
tion where stream discharge does not decrease be 
low the discharge that is equaled or exceeded 99.5 
percent of the time. For the second set of esti 
mates, aquifer yields were calculated for the condi 
tion where stream discharge does not decrease be 
low the discharge that is equaled or exceeded 95 
percent of the time.

The Lower Matfield-Taunton River aquifer 
and the Lower Canoe River aquifer have the high 
est yields of the 26 aquifers. Yields of these two 
aquifers equal or exceed 11.9 and 11.3 ft3/s for 90 
percent of the time, respectively, if minimum 
stream discharge is maintained at 99.5-percent 
flow duration.

Pumping for public water supply occurred in 
18 of the 26 aquifers during 1983. Of these 18 
aquifers, the Upper Queset Brook aquifer was 
pumped at the highest rate relative to its yield. 
The Upper Queset Brook aquifer was pumped at a 
rate of 1.9 ft3/s and could sustain this pumping 
rate for about 70 percent of the time if the dis 
charge is maintained at 99.5-percent flow dura 
tion. The Lower Matfield-Taunton River aquifer, 
Lower Canoe River aquifer, and Upper Hockomock 
River aquifer, were pumped at the lowest rates 
relative to their yields. All four of these aquifers 
could sustain their 1983 pumping rate for at least 
98 percent of the time if the discharge is main 
tained at 99.5-percent flow duration.

Well interference between aquifers in the 
northern part of the basin during simultaneous 
pumping does not appreciably decrease individual 
aquifer yield. This occurs because most of the 
aquifers are separated by relatively low-transmis- 
sivity deposits, which isolates them hydraulically 
from nearby aquifers. However, development of 
upstream aquifers can affect the yield of down 
stream aquifers because of reduced stream dis 
charge available for infiltration.

The aquifer yields estimated in this study 
were based on simplified geometric and hydraulic 
properties of the aquifers. The yield estimates 
were made assuming conditions that existed prior 
to any aquifer development. The ground-water- 
flow models constructed in this study were used to 
assess aquifer yields on a regional basis. The 
models were used in place of image well models, 
and were not designed to investigate the effect of 
local aquifer development on ground-water levels 
and ground-water-flow patterns or to determine 
optimum locations of well fields. The models were 
used as tools with which to test and estimate cer 
tain factors contributing to aquifer yield, rather 
than as fully tested and calibrated predictive sim 
ulators.

The yield estimates presented in this report 
may prove useful in (1) assessing the potential of 
an aquifer to sustain current or future with 
drawals during normal and drought conditions; (2) 
planning and managing the regional development 
of the water resources for all uses in the basin; 
and (3) assessing the need for and effects of inter- 
basin and intrabasin transfer of water.

Selected physical properties and concentra 
tions of major constituents in ground water from 
the stratified-drift aquifers at 80 sampling sites 
were used to characterize general ground-water 
quality in the stratified-drift aquifers.

The pH of the ground water ranged from 5.4 
to 7.0. At half of the sites, pH was less than 6.0, 
and at 90 percent of the sites, pH was less than 
6.5. Hardness of the ground water ranged from 9 
to 112 mg/L. Mean hardness was 37 mg/L. 
Hardness at half of the sites was less than 34 
mg/L, and hardness at 90 percent of the sites was 
less than 69 mg/L. At 86 percent of the sites, the 
ground water had hardness concentrations less 
than or equal to 60 mg/L, which classifies the 
ground water at these sites as soft. At the re 
maining 14 percent of the sites, hardness ranged 
between 60 and 120 mg/L, which classifies water 
at these sites as moderately hard.

No concentrations of sulfate or chloride that 
exceeded recommended limits for drinking water 
(U.S. EPA, 1975, 1977, 1980) were found in the 
ground water. However, concentrations of sodium 
exceeded the Massachusetts recommended limit for 
drinking water for those individuals on a sodium- 
restricted diet of 20 mg/L in 19 of the samples.

Elevated natural concentrations of iron and 
manganese in ground water in the stratified-drift 
aquifers exist locally throughout the basin. Natu 
ral concentrations of these two metals commonly
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exceed the limits of 0.3 mg/L for iron and 0.05 
rng/L for manganese recommended for drinking 
water. Twelve of the 80 samples analyzed for iron 
and 37 of the 80 samples analyzed for manganese 
had concentrations that exceeded the recommended 
limits.

Fifty-one analyses of selected trace metals in 
ground-water samples from stratified-drift aquifers 
throughout the basin were used to characterize 
trace metal concentrations in the ground water. 
The trace metals were arsenic, barium, cadmium, 
chromium, copper, cyanide, lead, mercury, sele 
nium, silver, zinc, and nickel. For the 10 con 
stituents sampled that have U.S. Environmental 
Protection Agency recommended drinking water 
limits, only lead had a concentration (60 |Jg/L) that 
exceeded the recommended limit of (50 ug/L) at 
one site.

Analyses of selected organic compounds in 
ground water in the stratified-drift aquifers at 74 
sites throughout the basin were used to investigate 
the presence of organic compounds. In 13 of the 
analyses, one or more of the following compounds 
were detected: Chloroform; carbon tetrachloride; 
1,1 dichloroethane; 1,2 transdichloroethylene; 
tetrachloroethylene; toluene; 1,1,1 trichloroethane; 
and trichloroethylene. None of the samples in 
which organic compounds were detected had con 
centrations of these compounds that exceeded the 
MCLs proposed by the U.S. Environmental 
Protection Agency.

REFERENCES CITED

Alien, W. B., Hahn, G. W., and Brackley, R. A., 
1966, Availability of ground water, Upper 
Pawcatuck River basin, Rhode Island: U.S. 
Geological Survey Water-Supply Paper 1821, 
66 p.

Camp, Dresser, and McKee, 1965, Report on wa 
ter resources of Bristol and Plymouth Coun 
ties: Report to Commonwealth of Mas 
sachusetts, Water Resources Commission, 14 
P-

Durfor, C. N., and Becker, Edith, 1964, Public wa 
ter supplies of the 100 largest cities in the 
United States, 1962: U.S. Geological Survey 
Water-Supply Paper 1812, 364 p.

Fenneman, N. M., 1938, Physiography of eastern 
United States: New York, McGraw-Hill, 
714 p.

Frimpter, M. H., 1973a, Ground-water manage 
ment, Taunton River basin, Massachusetts: 
U.S. Geological Survey Open-File Report.

Frimpter, M. H., 1973b, Preliminary single-pur 
pose report ground-water hydrology south 
eastern New England: U.S. Geological Survey 
Open-File Report.

Frimpter, M. H. and Gay, F. B., 1979, Chemical 
quality of ground water on Cape Cod, Mass.: 
U.S. Geological Survey Water Resources In 
vestigations Report 79-65, lip.

Frimpter, M. H. and Maevsky, Anthony, 1979, 
Geohydrologic impacts of coal development in 
the Narragansett basin, Massachusetts and 
Rhode Island: U.S. Geological Survey Water- 
Supply Paper 2062, 35 p.

Gonthier, J. B., Johnston, H. E., and Malmberg, 
G. T., 1974, Availability of ground water in 
the lower Pawcatuck River basin, Rhode Is 
land: U.S. Geological Survey Water-Supply 
Paper 2033, 40 p.

Haeni, F. P., 1978, Computer modeling of ground- 
water availability in the Pootatuck River val 
ley, Newtown, Connecticut: U.S. Geological 
Survey Water-Resources Investigations Re 
port 78-77, 65 p.

Johnson, A. I., 1967, Specific yield-Compilation of 
specific yields for various materials: U.S. 
Geological Survey Water-Supply Paper 
1622-D, 74 p.

Johnston, H. E., and Dickerman, D. C., 1974, 
Availability of ground water in the Branch 
River basin, Providence County, Rhode Island: 
U.S. Geological Survey Water-Resources In 
vestigations Report 18-74, 39 p.

LaSala, A. M. Jr., 1968, Ground-water resources 
of the Erie-Niagara basin, New York: Erie- 
Niagara Basin Regional Water Resources 
Planning Board Report ENB-3, 113 p.

67



Maevsky, Anthony, 1976, Ground-water levels in 
Massachusetts, 1936-74: U.S. Geological 
Survey Open-File Report, Massachusetts Hy- 
drologic-Data Report No. 17, 107 p.

Massachusetts Department of Environmental 
Quality Engineering, 1982, Drinking Water: 
310 CMR 22.06, v. 12, p. 332-336.

Massachusetts Water Resources Commission, 
1983, Water management projects of commu 
nities with projected 1990 water deficits: 
Massachusetts Department of Environmental 
Management, Division of Water Resources, 
River Basin Planning Program.

McDonald, M. G., and Harbaugh, A. W., 1984, A 
modular three-dimensional finite-difference 
ground-water flow model: U.S. Geological 
Survey Open-File Report 83-875, 528 p.

New England River Basins Commission, 1975, Re 
port of the southeastern New England study; 
Taunton planning area report, no. 6.

Old Colony Planning Council, 1977, Ground-water 
resources of the Old Colony Planning Council 
208 area, Old Colony Planning Council, Brock 
ton, Mass., 59 p.

Olimpio, J. C., and de Lima, Virginia, 1984, 
Ground-water resources of the Mattapoisett 
River valley aquifer, Plymouth County, Mas 
sachusetts: U.S. Geological Survey Water- 
Resources Investigations Report 84-4043, 
83 p.

Pollock, S. J., and Toler, L. G., 1973, Effects of 
highway de-icing salts on groundwater and 
water supplies in Massachusetts: Highway 
Research Record, No. 425, Environmental 
Degradation by De-Icing Chemicals and Effec 
tive Countermeasures, p. 17-22.

Rosenshein, J. S., Gonthier, J. B., and Alien, W. 
B., 1968, Hydrologic characteristics and sus 
tained yield of principal ground-water units 
PotowomutWickford area, Rhode Island: U.S. 
Geological Survey Water-Supply Paper 1775, 
38 p.

Searcy, J. K., 1959, Flow-duration curves, in 
Manual of hydrology, part 2, Low-flow tech 
niques: U.S. Geological Survey Water-Supply 
Paper 1542-A, 33 p.

Thomas, M. P., 1966, Effect of glacial geology 
upon the time distribution of streamflow in 
eastern and southern Connecticut: U.S. Geo 
logical Survey Professional Paper 550-B, 
p. B209-B212.

U.S. Environmental Protection Agency, 1975, Wa 
ter programs, national interim primary 
drinking-water regulations: Federal Register, 
v. 40, no. 248, Wednesday, December 24, 
1975, Part IV, p. 59566-59587.

  1977, National secondary drinking water reg 
ulations: Federal Register, v. 42, no. 62, 
Thursday, March 31, 1977, Part I, p. 17143- 
17147.

  1980, Interim primary drinking water regula 
tions: Federal Register, v. 45, no. 168, 
Wednesday, August 27, 1980, p. 57332- 
57357.

  1985, National Primary Drinking Water Reg 
ulations, Volatile Synthetic Organic Chemi 
cals; Final Rule and Proposed Rule: Federal 
Register, v. 50, no. 219, Wednesday, Novem 
ber 13, 1985, Part HI, p. 46880-46933.

Wandle, S. W., Jr., and Keezer, G. R., 1984, 
Gazetteer of hydrologic characteristics of 
streams in Massachusetts Taunton and Ten 
Mile River basins and Coastal River basins of 
Mount Hope Bay, Narragansett Bay, and 
Rhode Island Sound: U.S. Geological Survey 
Water-Resources Investigations Report 84- 
4283, 38 p.

Willey, R. E., Williams, J. R., and Tasker, G. D., 
1978, Water resources of the coastal drainage 
basins of southeastern Massachusetts, West- 
port River, Westport to Seekonk: U.S. Geo 
logical Survey Hydrologic Investigations Atlas 
HA-275, scale 1:48,000.

Williams, J. R., 1968, Availability of ground water 
in the northern part Tenmile and Taunton 
River basins southeastern Massachusetts: 
U.S. Geological Survey Hydrologic Investiga 
tions Atlas HA-300, scale 1:48,000.

68



Williams, J. R., Farrell, D. F., and Willey, R. E., 
1973, Water resources of the Taunton River 
basin, southeastern Massachusetts: U.S. Ge 
ological Survey Hydrologic Investigations At 
las HA-460, scale 1:48,000.

Williams, J. R., and Tasker, G. D., 1974, Water 
resources of the coastal drainage basins of 
southeastern Massachusetts, Plymouth to 
Weweantic River, Wareham: U.S. Geological 
Survey Hydrologic Investigations Atlas HA- 
507, scale 1:48,000.

Williams, J. R., and Willey, R. E., 1967, Northern 
part Tenmile and Taunton River basins: Mas 
sachusetts basic-data report 10, ground-water 
series, U.S. Geological Survey open-file report, 
56 p.

  1970, Taunton River basin: U.S. Geological 
Survey open-file report, Massachusetts Basic- 
Data Report 12, 102 p.

  1973, Bedrock topography and texture of un- 
consolidated deposits, Taunton River basin, 
southeastern Massachusetts: U.S. Geological 
Survey Miscellaneous Investigations Map 
1-742.

69


